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Proceedings of the Fortieth Annual Meeting of the 
American Association of Economic Entomologists 
(Continued) 


Friday Morning Session, December 30 
The meeting convened at 9:40 o’clock, First Vice-President W. P. 
Flint in the Chair. 
First VicE-PRESIDENT W. P. Fiint: The first paper on the program 
this morning is by J. W. McColloch and W. P. Hayes. 


ECOLOGICAL STUDIES OF KANSAS SCARABAID LARVZ 
(COLEOP.)! 


By Ws. P. Hayes and J. W. McCoLLocu 


ABSTRACT 
A collection of 18,781 scarabaid larve made in Kansas during a period of eight 
years includes 37 species representing 17 genera. Seventeen species of the genus 
Phyllophaga are considered. The data included show the percentage of rearing 
mortality, the seasonal distribution, relative abundance, habit at preferences, food 
habits and parasitism by ‘Tiphia wasps. 


INTRODUCTION 

During the course of a series of biological studies of the family Scar- 
abeide carried on at the Kansas Agricultural Experiment Station, 
Manhattan, Kansas, considerable data were amassed on the relative 
numbers, as well as the habitat and food preferences of larvz of various 
common species of this family. Since they are of general ecological and 
biological interest the statistical results of these studies are presented here. 

1Contribution No. 364 of the Department of Entomology of the Kansas State 
Agricultural College and No. 118 of the Department of Entomology of the University 
of Illinois. This paper embodies some of the results of Project No. 100 of the Kansas 
Agricultural Experiment Station. 
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Collections of larve of this family of beetles were begun in 1916 
and extended over a period of eight years, to and including 1923. The 
specimens collected were transported to the laboratory and reared 
to the adult stage in individual salve boxes in an underground cave. 
Because of the difficulty in rearing, and in some cases the presence of a 
long life cycle, the relative proportion of those reared to adult, for de- 
termination of the species, compared to the numbers collected in the 
field shows that less than one-third of the total were so reared. During 
the eight years 18,781 grubs were collected, of which 5,884 were matured 
under artificial conditions. Among these 5,884 reared specimens, 17 
genera are involved with a total of 37 species. The largest number of 
species belonging to a single genus are represented by 17 species of the 
genus Phyllophaga. The other 16 genera distributed among the various 
subfamilies of Scarabzide contain but one, two, three or four species. 

With but very few exceptions, these larve were collected in the 
vicinity of Manhattan, Kansas. Numerous student assistants have aided 
in the work, both in collecting and rearing, to whom the writers ac- 
knowledge their indebtedness. 


PERCENTAGE OF MORTALITY IN REARING 


Because of the difficulty of determining the various species in the 
immature stages, the data here discussed are based on those species 
actually reared and identified instead of on the total numbers collected. 
Such a condition would not be necessary if we were able to identify 
specifically each specimen collected. Table 1 shows the tota! individuals 
collected in each of the eight seasons as well as the numbers reaching 
maturity and the percentage of those reared. In other words, the table 
is an indication of the percentage of mortality in rearing as shown in the 
last column. 


TABLE 1. SHOWING THE PERCENTAGE OF REARING AND MORTALITY OF 
SCARABZID LARVAE 


Year Total Numbers Total Numbers Percentage of Percentage of 
Collected Reared Rearing Mortality 
1916 716 270 37.7 62.3 
1917 251 99 39.4 60.6 
1918 814 302 37.1 62.9 
1919 790 372 47.0 53.0 
1920 4004 143] 23.2 66.8 
1921 3044 630 20.6 79.4 
1922 3617 1508 41.6 58.4 
1923 5545 1272 22.8 77.2 


Total i8781 5SS4 31.3 68.7 
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From the foregoing data it is apparent that only 31.3 per cent of all 
grubs collected were reared to maturity, giving a mortality of 68.7 
percent. Itis interesting to note that the mortality for each year did not 
show a wide variance. The percentage of reared specimens for the eight 
years shows a variation of from 20.6 per cent to 47 per cent. 

The smallest collection was made in 1917 when 251 larvz were collect- 
ed while in 1923, 5545 individuals were obtained. The fact that speci- 
mens collected in any one season do not always mature that particular 
season or even the next year must be borne in mind. This is because 
of the various lengths of the life-cycle in the different species. For 
example, specimens collected in 1917 may have some individuals, no 
matter what the length of the life-history, maturing in 1917, others in 
1918 and still others in 1919 which, of course, is also due, in part, to 
the overlapping of the various broods. 


THE COLLECTIONS OF THE GENUS Phyllophaga 

Seasonal Distribution—The following discussion of the various 
collections, for convenience, is divided into two groups. The genus 
Phyllophaga with 17 species represented will be considered as one unit 
while the remaining 16 genera will be considered jointly. Table 2 
shows the various species as to the year in which they were collected and 
not the year of maturity. The order of arrangement is based on numbers 
collected and not on their relationships. 


TABLE 2. SHOWING THE COLLECTIONS OF PHYLLOPHAGA AS DETERMINED 
BY REARING 


Species of Phyllophaga Year of Collection 
1916 1917 1918 1919 1920 1921 1922 1923 Total 

P. crassissima....... 15 36 40 33196 52 18 6 396 
P. rubiginosa il 7 15 22 10 41 25 4 135 
P. rugosa... 14 4 9 33 22 24 14 5 125 
P. lanceolata... ; 2 16 9 5O l 1 79 
Pl submucida. 2 2 66 9 79 
P.smplicita....... 6 4 } S 20 l 28 5 76 
P. hirticula var. comosa 2 4 IS 24 
P. praetermissa 3 8 2 13 
P. longitarsa. . ] 4 3 sS 
P. bipartita.. . 1 3 2 6 
P. futilis . . 3 2 5 
P. corrosa..... 2 l 2 5 
P. glabricula ........ z 3 5 
i a 3 3 
P. crenulata.... ; 1 1 2 
P. tristis..... wee 1 1 2 
P. affabilis 1 1 

ee 49 74 909 149 264 114i 156 41 964 


Fs mm on ae 
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As shown in Table 2, there were a total of 964 individuals representing 
17 species reared from the total of 18,781 (See Table 1) grubs of all 
species collected. Of course, many individuals of this genus failed to live 
through the rearing period so a percentage of those reared based on the 
number collected would be unfair. However, the percentage reared 
based on the total species gives an inkling of the relative proportions 
of Phyllophaga to other species of the family. Of the total (5,884) 
beetles, only 964 or 16.3 per cent belonged to this genus. Neither Table 
1 nor Table 2 shows any evidence of the presence of the definite broods 
(Brood A, B, and C) which have been long known through the various 
collections of adults. However, Table 2, as indicated in the column 
of totals, offers further data on the relative numbers of the various 
species found in the locality considered. Of the total of all species (964) 
reared, P. crassissima ranks first with a total of 396 individuals or about 
41 per cent; P. rubiginosa ranks second with about 14 per cent and P. 
rugosa nearly 13 per cent. 

Relative Abundance.—If we compare the individual total of each 
species with the total adults collected during the first seven years 
(1916-1922) of the eight during which this study was in progress, 


TABLE 3. SHOWING A COMPARISON OF THE RELATIVE ABUNDANCE OF 
Phyllophaga ADULTS AND REARED LARV#& 


Rank Species of Total Larvae Adults Collected Comparative Ranking of 


Phyllophaga Reared 1916-1922 Adult Abundance 

1 P. crassissima 396 31,966 First 

2 P. rubiginosa 135 15,130 Third 

3 P. rugosa 125 4,010 Fifth 

4 P. lanceolata 79 15,851 Second 

5 P. submucida 79 57 Eighteenth 
6 P. implicite 76 982 Tenth 

7 P. hirticula var. 

comosa 24 1,696 Ninth 

8 PP. praetermissa 13 115 Sixteenth 
9 P. longitarsa 8 909 Eleventh 
10 ~=s~P. bipartita 6 3,523 Seventh 
11 P. futilis 5 10,362 Fourth 
12 P.. corrosa 5 3,732 Sixth 
13 P. glabricula 5 440 Twelfth 
14 P. fusca 3 135 Fourteenth 
15 P. crenulata 2 127 Fifteenth 
16 P. tristis 2 114 Seventeenth 
17 ~=s~P.. affabilis 1 44 Nineteenth 
18 P. vehemens 0 2,001 Eighth 
i9 P.. congrua 0 135 Thirteenth 
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(Table 3) some interesting facts are brought out. The most abundant 
species among the adults collected, (P. crassissima) is seen to be the most 
numerous among those species collected as grubs. P. lanceolata while 
second in number of adults is fourth in the grub collections. This may 
be, in part, due to che shghtly longer life-cycle of P. lanceolata (Hayes, 
1919). P. rubiginosa while third among the adults was second among 
the grubs and P. rugosa was fifth in the beetle collections and third 
among the larvae. On the whole, these four important species rank 
very close while greater differences are disclosed among the other species. 
An interesting observed fact is that more individuals of P. submucida 
vere collected as grubs and reared to adult than were taken in the adult 
collections. The two species, P. vehemens and P. congrua, which ranked 
eighth and thirteenth, respectively, in the adult collections, were not 
reared from grubs. 


COLLECTIONS OF OTHER GENERA 


Seasonal Abundance.—In addition to the collections of Phyllophaga, 
20 species representing 16 other genera of the family Scarabeeidz are 
available for comparison with the genus Phyllophaga. These were, for 
the most part, incidental to the white grub collections but, since all that 
were found were collected, the data available show the years of abund- 
ance as wellas the relative numbers. These data are summarized for 
the various species and the years in which they were collected in Table 4. 
It will be noted that the two most numerous species are Ochrosidia 
(Cyclocephala) tmmaculata (Oliv.) and Ligyrus gibbosus (DeG.). The 
numbers of Ochrosidta reared far outnumber those of any other species, 
being represented by 3070 individuals. Comparing the number of 
Ochrosid’a with those of Phyllophaga (Table 2) it will be noted that 
over three times as many Ochrostdia were collected and reared as all 
Phyllophaga combined, whose total figure is 964. It must be borne 
in mind, however, that the one year life-cycle of Ochrosidia compared 
to the two and three year cycles of Phyllophaga makes rearing much 
easier with less mortality. Space does not permit a discussion of all the 
facts apparent in Table 4, but it will be noted that the collection contains 
representatives of the most important sub-families of the Scarabeidz. 

If the total collections of Ochrostdia are summarized by months for the 
various years, as is done in Table 5, a striking feature is the almost 
complete absence from the soil of larve during June with relatively few 


*Haves, W. P. The life cycle of Lachnosterna lanceolata. In Jour. Econ. Ent. 
12:109-117, 1919. 
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TABLE 4. SHOWING A COMPARISON OF THE RELATIVE ABUNDANCE ¢ 


SCARABAZID LARV# OTHER THAN Phyllophaga spp. 


Miscellaneous Species Year of Collection 

of Scarabeid Larve 1916 1917 1918 1919 1920 1921 1922 192: 
Ochrosidia immaculata 32 2 155 155 723 315 973 £715 
Ligyrus gibbosus. . 5 17 > 5S 27 23 116 
Anomala binotata 145 4 37 $2 17 27 
Anomala kansana 3 l 14 ! 57 37 
Anomala innuba l 9 5 21 15 53 
Anomala undulata. 7 I 
Cotalpa lanigera ' I 23 125 
Pelidnota punctata. 2 10 1 I 7 9 92 
Ligyrodes relictus, 13 10 19 l 74 
Euphoria tnda 25 l 14 6 
Euphoria sepulchralis . l i 2 2 
A phodius BP... « 7% 3 
Canthon laevis t 
Trox sp 122 
Polymoechus brevipes.. 12 
Cremastocheilus nitens 20 l 
Alaenius mops SI 
Trichtotinus piger 2 2 l 
Stephanucha pilipennis I 
Polyphylla hammondt l 

Total. . 22] 25 212 223 «1167 489 1352 125! 


7 


present in July. This fact is explained and correlated wit] 
history of the species for during these months the adult stage i 


7 


both in the soil by day and at lights at night. The collections of 


TABLE 5. SHOWING THE MONTHLY ABUNDANCE OF Ochrosidia imn 


FOR THE YEARS 1916 To 1923 


Month 1916 1917 1918 1919 1920 1921 1922 1923 


January 26 
February : I 

March 13 16 - j 
April 1 1] 14 146 30 13 10] 
May 3 2 

June 5 

July , 9 t 72 I 


August... 5 l 28 317 199 ~=«671 522 
September. . 7 l 56 70 232 Ss 100 o2 
October. . 39 28 7 31 5 
November 2 

December ‘ 8) 1 


Total... oz 2 155 155 723 «315 973 715 


> 
) 


T 
3070 


392 


M2 


‘>= 


i44 

~ 
149 
11S 


34 
3070 
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made in June are individuals hanging on from the old generation just 
maturing while those of July are usually young larve which have 


recent ly hatched. 


HABITAT PREFERENCE OF ALL SPECIES 

The various sources of the collections were grouped into 12 categories 
and the numbers collected and those reared from these places are 
summarized in Table 6. It is apparent that wheat land is the pre- 
ferred type of soil, inasmuch as 7,912 grubs were taken in such land 
compared to 1,749 grubs in blue grass sod and lawns. The following 
habitats are represented by over 1,000 specimens each; oat land, corn 
land, and under or in logs and stumps. In view of the fact that grubs 
are said to prefer sod land, it is surprising to find grubs as numerous as 
they were in wheat land which is usually plowed each year in the general 
vicinity of Manhattan, Kansas. Nevertheless, in the consideration of 
such data it must be remembered that collections are more easily made 
in land disturbed more frequently than sod land. The numbers, how- 
ever, are so strikingly different that they must have some significance. 
The collections listed under ‘‘Logs and Stumps’’ were mostly Pelidnota 
punctata (Linn.) but also includes species like Trichiotinus piger (Fab.) 
which lives in logs and also some miscellaneous species found in the soil 
under logs 

The following situations are included under the heading ‘“Miscel- 
laneous”’ and the number of grubs taken from each is given :—weeds 405, 
sumac 5, bindweed 131, sunflower 53, strawberry 26, rhubarb 6, sor- 
ghum 58, petunia 1, ironweed 3, Johnson grass 8, cabbage and rape 85, 
tree nursery 8, dock, 19, agronomy small gain nursery 84, hay stack 5, 
straw stack 25, cowpeas 73, grass roots on sand dunes 1, pigweed 1, 
sudan grass 13, campfire wood ashes 45, brome grass 15, under dead 
horse 301. The figures above are the total numbers collected and not 


the total of those reared. 


Foop PREFERENCE 


Food Preference of Phyllophaga.—While the data in Table 6 show the 
habitat preferences of the various species as a whole, they do not show 
the individual preference of the different species. The apparent choice 
of the various species of Phyllophaga is shown in Table 7 and those 
of other genera in Table 8. 

In Table 7 it is shown that the most individuals of Phyllophaga were 


taken in blue-grass sod where 234 specimens were found. The next in 
nS r 
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TABLE 7. SHOWING THE Foop PREFERENCE OF Phyllophaga GRuBS 


2 
= = vn 
=| be 3 
. Dn 2 
Species of Phyllophaga Sf x _ 2 — n S 
2» OF co & & & 3¢ 0 § & 
™SsS§$sn Bk FSB ea SE SS 
-— 8 & 9 Ss as £F SF OF SF we OS 
=> 0 Om & a4 OKC kh OC aA 
P. crasstssima 322 FT 4 9 22 ® 5 45 37 396 
P. rubtginosa 10 16 l 18 2 16 1 1 16 20 14 20 135 
P. rugosa... is 4 6 19 3 6 19 36 14 125 
P. lance lata ‘ os l 5 2°26 l l 79 
P. submucida 7 > 6 l 3 56 1 3 79 
P. implicita 10 l 3 44 l l l 2 4 9 776 
P. hirticula var. comosa. 5 9 2 l 6 1 24 
P. praetermissa 2 Ss 3 13 
P. longttarsa 3 5 8 
P. lipartita I l 1 6 
P. futilis ; 2 ] 1 l1 5 
P. corrosa l 4 5 
P. glabricula 4 1 5 
P. fusca ' l l ] 3 
P. crenulata l 1 2 
P. tristis l l 2 
P. affabilis 1 1 
Total. . 126 234 29 140 11 74 62 4 50 46101 87 964 


preference is corn land with 140 individuals which is closely approached 
by the 126 larvae taken from wheat. Pasture land with 74 grubs ranks 
fifth and probably to this type of food should be added a majority of 
those listed under the heading ‘‘manure’’ which in many cases was 
located on pasture land. It is perceivable that crassissima, rubtginosa, 
implicita and rugosa are quite generally distributed, while lanceolata 
shows a preference for wheat first and pasture sodsecond. The majority 
of the 56 grubs of submucida taken under manure were in pasture land. 
This species seems to have a preference for the upland soils of the region. 
The data on the other species are limited but from adult collections it is 
known that longitarsa and pretermissa prefer the sand hill regions along 
the Kansas river while tristis is usually taken near the oaks growing 


on the uplands along Wildcat creek. 

The food preferences of other larve of the family Scarabzidz are 
indicated in Table 8. In the total numbers reared wheat shows a 
predominance of individuals with oats and corn following in the order 
given. Analyzing the data by species brings out some interesting 
points. Ochrosidia immaculata is taken far more abundantly in wheat 
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TABLE 8. SHOWING THE Foop PREFERENCE OF OTHER SCARAB#ID LARVA 


~n 
- ZL 
Species 3 na 2 at r 
2s Og ¢ ££ &§ & w 6 : 
oot nw S ”n = = as & — 
Soe —~ o£ 3 > = ¥ > 
Fe COOK Kk ZASORZL CA GS 
Ochrosidia immaculata..1787 32 143 479 49 79 10 8 141 10 138 199 3070 
Ligyrus gibbosus 125 189 17 41 » 19 1 24 392 
Anomala binotata 122 21644 4 1 9 302 
Anomala kansana 235 l 2 8 2 1 1 1 9 3 956 
Anomaia innuba 5 70 18 12 QO 144 
Anomala undulata 8 g 
Cotal pa lanigera 113 28 } 6 1 149 
Pelidnota punctata 2 114 | 1 118 
Ligyrodes relictus l 2? 120 123 
Euphoria tnda l 1] { 16 
Euphoria sepulchralts. 3 6 9 
A phodius sf 53 53 
Canthon laevis { 4 
Trox sp IiZ2 122 
Polymoechus brevipes 9 2 l 12 
Cremastochetlus nitens 21 21 
Ataentus tnops { “7 i 
Trichiotinus piger 8 g 
Stephan ucha pili pe nnts 1 1 
Polyphylla hammond 1 1 
Total 2389 44 569 536 204 143 24S 17 167 11 142 450 4920 


than elsewhere although it occurs rather abundantly in corn and oats. 
The adults apparently show a preference for land that is frequently 
plowed. Ligyrus gibbosus exhibits the same preference being found in 
oats and wheat while corn land is not so favorable. The same can be 
said for Anomala binotata while A. kansana occurs more frequently in 
wheat. Cotalpa lanigera occurs in wheat and corn usually in the sand 
hill area. Davis* has reported this species doing considerable damage to 
raspberry bushes, strawberries, corn and grasses. 

The following species live in fallen logs and stumps:—Pelidnota 
punctata, Polymechus brevipes, Trichtotinus piger and Polyphylla ham- 
mondt. ‘The table shows 21 individuals of Cremastocheilus nitens taken 
from logs. These were in ant nests on the surface of the soil under a log 
on the sand dunes. Several species show a preference for manure and 


‘Davis, J. J. Common White Grubs. U.S. Dept. Agr. Farmers’ Bull. 940:1-28. 
figs. 21. 1918. 
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decaying vegetation such as rotten hay or straw stacks. Among these 
are Ligyrodes relictus, Euphoria inda, Euphoria sepulchralis, Ateentus 
inops and Aphodius sp. The 122 individuals of 7rox sp. listed under 
miscellaneous were taken from under a dead horse. 


COLLECTIONS OF LARV#& PARASITIZED BY /1phta spp. 

The various species of 7z7phia (Tiphiide, Hym.) attacking scarabeid 
larve account for the death of many individuals. During the course of 
these collections numerous grubs parasitized by Tiphia were collected 
and the parasite reared to adult. No attempt, so far, has been made to 
determine the various species. However, each parasite accounted 
for the death of one scarabeid larva. These grubs are not included 
in the foregoing data, but have been considered separately and are 


shown in Table 9. 


TABLE 9. SHOWING THE COLLECTIONS OF SCARABZID LARV PARASITIZED 
BY Tiphia Spp. 


Place Collected 1916 1917 1918 1919 1920 1921 1922 1923 Total 
Wheat 3 l 22 20 191 £237 
Sod. 4 15 49 
Manurt 34 34 
Oa 13 11 24 
Un ] 6 6 
Pa ] l l 3 
Corn l l 2 
Alfalfa l l 2 
Orchar« l l 
Miscellan 1 l 
Tot 7 0 12 2 69 2 3A = 208 359 


Of the 359 parasitized grubs, 237 were collected in wheat land, 49 in 
sod and 34 in or under manure. Oat land yielded 24 parasitized grubs. 
It is apparent that adult 77phza prefer to attack grubs in plowed land, 


] : ] 


he numbers taken in wheat and oats, rather than in soil 


that is ] ‘d more firmly. 
SUMMARY 


A study of the collections of 18,781 scarabzid larva over a period of 
eight years in addition to 359 parasited grubs indicates a rearing mor- 
tality of 68.7 per cent. Of the 31.3 per cent reared 964 belong to the 
genus Phyllophaga and the remaining 4,920 specimens matured be- 
longed to 20 specie s of various genera of the fan uly Scarabeidz. The 
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seasonal distribution of the various species is shown, as well as their 
relative abundance. The collections of Ochrosidta (Cyclocephala) 
show a correlation between their presence in the soil and their life 
history as previously determined by rearing. The habitat preferences of 
all species are indicated which show, in several instances, a preference 
for unplowed soil, contrary to the older, accepted statements, that hard, 
packed soil is more to their liking. The food preferences of the 37 
species, as brought out by the studies show some interesting facts as 
regards the kinds chosen. In addition, the data on the grubs para- 
sitized by 71phia spp. indicate that the parasite is more abundant in 


plowed soils than in sod land. 


Mr. L. O. Howarp: I would like to ask why there is more infestation 
in cultivated soil than in uncultivated soil. 

Mr. J. W. McCottocu: I presume that is associated with the greater 
ease with which the adult can get into the ground. That is the interpre- 
tation put on it at the present time. 

Mr. ARTHUR GiBson: Have you found the parasite Microphthalma 
in great abundance’ 

Mr. J. W. McCottocu: No. 

Mr. ARTHUR GIBSON: This parasite is quite common in certain 
sections of eastern Canada including Quebec. 

Mr. J. W. McCo.iocu: We have only two or three records of that. 

Mr. C. L. Metcatr: How did the Tiphia parasitism compare in 
cultivated and uncultivated soils? 

Mr. J. W. McCottocu: As near as we can tell it was about the same. 
In fact, in some cases we got a little higher parasitism in cultivated soil. 
That may be due to the fact that the grubs were more abundant in 
the soil. 

Mr. L. O. Howarp: Would it attack any white grub’ 

Mr. J. W. McCo.tocu: We have not been able to run our various 
species of Tiphia down. We have a mass of material on hand now and 
we hope to get that done within the next year. Apparently they are 
the same species, and they attack the different grubs in the same place, 
which is more or less of a specific character. 

First VicE-PRESIDENT W. P. Fiint: The next paper is by A. A. 
Granovsky. 
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ALFALFA “YELLOW TOP” AND LEAFHOPPERS' 
By A. A. GRANOvSKY, University of Wisconsin 


ABSTRACT 


The purpose of this paper is definitely to record in entomological literature some 
of the observations and experimental data, which proved beyond a doubt that the 
common potato leafhopper, Empoasca fabae (Harris), is responsible for the symptoms 
known as alfalfa ‘‘yellows”’ or ‘‘yellow top.” 

Healthy alfalfa plants in the field and in the greenhouse were caged and infested 
with leafhoppers collected from the affected alfalfa plants in the field. 

The initial symptoms on older plants were produced in five days of leafhopper 
feeding. The young seedlings showed wilting from 24 to 36 hours after the confine- 
ment of a single nymph on a young succulent shoot of alfalfa seedling. Prolonged 
feeding resulted in badly discolored, stunted plants, while the young seedlings were 
often killed outright. 

The root system of the infested plants was found to be weakened, which is con- 
sidered an important contributing factor in the winter killing of alfalfa seedings. 


Alfalfa ‘‘vellows”’ or ‘“‘yellow top” has been considered a disease of an 
unknown cause and is looked upon as one of the oldest and most per- 
plexing troubles of the alfalfa plant. For the last twenty years it has 
been reparted from year to year as occurring mostly in the eastern half 
of North America. Only a few fragmentary references are found from 
the alfalfa growing belt of the arid regions. 

Earlier workers observed that the second and third alfalfa cuttings 
suffer the most and that the affected plants are characterized by a 
gradual discoloration of the apical leaves, usually identified by the pale 
yellowing, which in time becomes more intense until it reaches an 
orange yellow color with a purplish tinge. The upper leaves and young 
shoots lose their fresh green color much more rapidly than the lower 
leaves. The discolored leaves do not drop, but remain on the plants 
throughout the growing season and produce a conspicuous diseased 
effect on the alfalfa foliage. The affected plants produce a poor growth 
which usually results in a great reduction in the yield of alfalfa hay. 

The economic aspect of the problem was recognized as early as 1907. 
Since that time a number of agronomists and especially plant path- 
ologists have paid particular attention to this trouble with alfalfa. 
After considerable effort to isolate a causal organism from the affected 
portions of the plants, it was evident that neither fungous nor bacterial 
organisms could be found constantly associated with the symptoms. 
As a consequence, alfalfa ‘‘yellows’” has been attributed by different 


1Contribution from the Department of Economic Entomology, Wisconsin Agri- 
cultural Experiment Station. 
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workers to various causes such as dry weather, wet soil, root trouble, 
poor soil conditions, poor soil fertility, lack of lime in the soil, climatic 
conditions, physiological conditions of plants, sun scald, etc. Yet, 
alfalfa ‘“‘yellows’”’ occurred on land on which all of these discernible 
causes had been corrected, and under various climatic conditions. 
It led to a suspicion that there must be some other cause not yet found. 

C. V. Piper in 1914, in his book on “Forage Plants and Their Culture,”’ 
suggested that ‘“‘the disease is probably related to the mosaic of to- 
bacco,” and that ‘‘a species of leafhopper seems to be constantly asso- 
ciated with alfalfa yellows.’ Evidently his reference to leafhoppers was 
not favorably received by his co-workers, for in his new and revised 
edition of 1924, he refrains from mentioning the leafhoppers in his dis- 
cussion of alfalfa “‘yellows,’’ and refers to unfavorable soil conditions, 
lack of lime, plant food and drainage as evident causes of alfalfa ‘‘yellows.”’ 

Geo. A. Dean in 1916, while discussing various insects injurious to 
alfalfa, refers to several leafhoppers—especially to the clover leaf- 
hopper, Agallia sangutnolenta (Provancher), which is said to be ‘‘the 
most widely distributed in the alfalfa districts,’"’ and states that “‘the 
feeding punctures cause pale yellowish spots, and if very numerous 
give the foliage a distinct yellowish or bleached appearance.”’ This is 
probably the first definite record made in entomological literature in 
regard to field observations with reference to leafhopper feeding injury 
to alfalfa plants, which resembles that which is known as alfalfa ‘“‘yellows”’ 
or alfalfa “yellow top.” 

The relationship between leafhoppers and alfalfa 
not determined by experimental methods, however, until recently. 
Several preliminary tests that have been conducted at the Wisconsin 
Agricultural Experiment Station,’ definitely proved that such corre- 


‘yellow top’’ was 


lation exists. 

During the summers of 1926 and 1927, especially in late June and 
through the months of July and August, alfalfa ‘“‘vellows’’ was very 
common in Wisconsin. The second crop of alfalfa suffered the most. 
It was observed that the alfalfa discoloration usually began adjacent 
to the grassy land, along the edges of the fields, especially along weedy 
borders, such as ditches, road sides, fences, etc. These original yellow 
patches gradually spread farther into the fields and in several weeks 
time the entire alfalfa fields showed typical symptoms of alfalfa “yellow 


top” or “yellows.” 


2Jones, F. R., and Granovsky, A. A. Yellowing of alfalfa caused by leafhoppers. 
(Abst.) Phytopath., 77:39. 1927. 
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At the same time it was observed that several species of leafhoppers, 
especially Empoasca fabae (Harris), and Deltocephalus inimicus (Say) 
occurred in great abundance over the affected alfalfa fields. Such 
species as 7hamnotettix nigrifrons (Forbes), Eutettix seminudus (Say) and 
Cicadula sexnotata (Fallen) were also present in the order given, but on 
the whole in negligible numbers 

The fields in which alfalfa retained its normal green color were found 
to be infested with leafhoppers to a much lower degree than those 
showing the typical symptoms. The infestation was determined by 
numerous sweepings with an insect net in alfalfa fields in different 
localities. 

These observations in the fields with reference to the association of 
alfalfa yellowing with the presence of several species of leafhoppers 
were found to be constant. Since it has been shown that the curly-top 
of sugar beet is produced by punctures of the beet leafhopper, Eutettix 
tenella Baker; the aster yellows is transmitted by the aster leafhopper, 
Cicadula sexnotata (Fallen); the potato hopperburn is caused by the feed- 
ing of the potato leafhopper, Empoasca fabae (Harris), and the dis- 
coloration of apple leaves is caused by the same species, not mentioning 
the sugar cane mosaic and other virus diseases initiated by various 
species of leafhoppers,—it was of interest to determine experimentally 
whether any of the species commonly found in the alfalfa fields, were also 
responsible for alfalfa ‘‘yellows.”’ 

Preliminary infestation experiments were started July 7, 1926 with 
potted plants in the greenhouse. Healthy alfalfa plants grown in the 
greenhouse were placed in the insect proof cages, which then were in- 
fested with leafhoppers collected at random from affected alfalfa in 
the field. In seven days of feeding the typical symptoms were produced 
under greenhouse conditions. The intensity of the symptoms pro- 
gressed rapidly during the next week, sufficient to indicate that leaf- 
hopper feeding is responsible for the discoloration of alfalfa foliage. 
Control plants remained healthy and retained their normal green color 
throughout the experiment. 


Field experiments were started on July 26, 1926. Fourteen insect 
proof cages, with double compartments each, were constructed over 
several varieties of alfalfa in the field. The walls of the cages were 
placed deep in the ground to prevent accidental introduction of other 
insects. The alfalfa in the cages was cut back to the ground and the 
cages were thoroughly fumigated with calcium cyanide to destroy all 
insect life present therein. When new growth reached about four or 
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five inches, one compartment of each cage was infested with leaf- 
hoppers and the other was left uninfested, free from insects, as a control. 
These cages were watched for symptoms at frequent intervals. 

The initial symptoms were produced in one week of insect feeding 
after infestation, and a few days later the infested alfalfa showed charac- 
teristic yellowing and dwarfing entirely indistinguishable from that in 
surrounding fields, while in the uninfested cages the alfalfa was vigorous 
and green. 

Similar experiments were performed in the field with some modifica- 
tions and improvements until late in the fall of 1926, using a definite 
number of leafhoppers per plant, and exercising a greater care in the 
segregation of species of live leafhoppers before infestation of the cages. 

During the winter months of 1926-27, work was carried on in the 
greenhouse with the potted plants several months old, using from one to 
ten leafhoppers per plant. In the summer of 1927 some additional 
observations and experiments were conducted in order to clear a number 
of puzzling questions, as well as to differentiate the symptoms produced 
by leafhoppers as compared with the yellowing caused by other factors. 

These experiments under controlled conditions, both, in the green 
house and in the field, have demonstrated for the first time beyond a 
doubt that Empoasca fabae is responsible for this old trouble. 

Perfectly healthy green plants in five or six days after infestation 
showed spotted mottling and blotches on the tender leaves. Two or 
three days later the spotted areas fused, producing a striated discolor- 
ation between the lateral veins of the apical leaves. Later this dis- 
coloration progressed until a considerable yellowing of the leaves was 
evident. At the end of the second week, the tops of the plants turned 
from a deep yellow to an orange yellow with bronzed edges of the 
leaves. Very often a peculiar purplish tinge of the tops was noticed. 
In case of severe injury the affected leaves shriveled and finally dried up. 

Two weeks after infestation the plants appeared to be badly stunted. 
The new growth was very negligible on account of the marked shorten- 
ing of the internodes, considerable rosetting and abundant prolification 
of the new short shoots in the axis of the leaves. These shoots were in- 
variably dwarfed. The new leaves on the main stems and on the lateral 
shoots, produced after infestation, were about one-fourth the size of the 
leaves formed before the infestation or as compared with the normal 
control plants. 


On account of considerable retardation of growth, general stunting 
and dwarfing, as well as the diminutive size of the leaves—the alfalfa 
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“vellow top’’ is generally considered of great economic importance in 
alfalfa growing states. The infested fields of alfalfa as a rule yield only 
one-third of a normal crop of hay. 

The older alfalfa plants are evidently more resistant to leafhopper 
feeding and symptoms appear gradually. The symptoms are much 
intensified by the prolongation of the time of leafhopper feeding or by 
the severity of the infestation. Five leafhoppers per one year old plant 
is sufficient to produce conspicuous symptoms in from one to two weeks 
of feeding. Ten nymphs of later instars in two weeks cause severe 
injury toa plant. In two or three weeks after a severe infestation many 
leaves not only turn yellow, but often curl upward, gradually turning 
brown, and finally shrivel and die. 

The young alfalfa seedlings are always very badly stunted and are 
often killed outright in a few days by insect feeding. The leaves, 
petioles, and the upper portions of the succulent shoots of young seed- 
lings withered and entirely collapsed in from 24 to 48 hours as a result 
of feeding of one leafhopper or its nymph per leaf. 

The hairy Peruvian alfalfa is usually considered immune to the alfalfa 
“vellow top,”’ but several tests showed that while it is not preferred by 
leafhoppers in the open fields, it is subject to identical symptoms as are 
the other varieties of alfalfa when leafhoppers in cages are concentrated 
on it. 

In autumn the alfalfa crowns of healthy plants were large with 
prolific and sturdy crown buds. In the infested cages the crowns were 
conspicuously smaller with a very few, and very feeble crown buds as 
compared with those in the uninfested cages. The root system of 
the infested plants was found to be considerably weakened with almost 
completely collapsed aerial parts of the plants. Such condition of 
plants, with the weakened roots, caused by leafhoppers, is considered an 
important contributing factor in winter killing of alfalfa seedings, 
which is somewhat common in the State of Wisconsin. 

Field observations and experiments indicate that not only alfalfa 
plants suffer from leafhopper feeding, which causes the diseased con- 
dition of the plants, but many other economic plants of the legume 
family such as clover, sovbeans, garden beans, etc., are also seriously 
affected by leafhopper feeding, symptoms of which are puzzling and 
are often confused with mosaic diseases of these plants. 

The nature of the alfalfa ‘‘yellow top”’ 1s not definitely known and it 
requires further experimentation. The symptoms, however, indicate 
the presence of some infective principle or virulent toxin introduced 
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into the tissue of the plants with the salivary secretion in the process of 
insect feeding. Studies of certain phases of the problem toward the 
solution of this question are now in progress at the Wisconsin Experi- 
ment Station. 





Mr. ALBERT HartTZE.v: I would like to ask whether there is any 
evidence that the disease is systemic. 

Mr. A. A. GRANOvskKY: It is not a systemic disease. The term yellows 
used for this disease is a misnomer. I prefer using the term yellow top 
for the reason that yellows has a distinct set of characters that go with 
the yellows diseases as understood by plant pathologists. It is not 
systemic, there is some movement although of the infective principle 
in the tissue, but it is relatively very short. It seems to me there isa 
toxic effect introduced by the insect which disorganizes the tissue. 

I would like to mention that chemical tests show a very interesting 
story, but I would rather leave that for some future time. 

Mr. Situ: In the illustration the affected leaves had dark spots. 


2 


Does that represent feeding punctures: 

Mr. A. A. Granovsky: No. 

Mr. Situ: My reason for asking the question was that I did not 
notice it on the checks. 

Mr. HERBERT OsBorn: I haven't any particular question to ask, 
but I should like to say I want to compliment Mr. Granovsky for what 
appears to be a real contribution to the subject. A contribution like 
this is very well worth while. 

Mr. L. O. Howarp: I happened to be sitting next to Mr. Granovsky 
yesterday morning, and he said he had heard from the other side about a 
trip I took over there last summer. His paper coming in just now is very 
significant. He has pointed out something that people did not know 
anything about before. The Minister of Agriculture of Poland in 
talking with me last summer, said, “In America there is use for your 
service. You have these great insect outbreaks, but over here the insects 
do comparatively little damage. We have a close system of cultivation. 
We have, as a rule, small holdings, and the insect problem is not serious 


with us.” 

Having Professor Osborn’s work in Iowa on the leafhopper investiga- 
tions in pastures in mind, I replied at once, ‘““You don’t realize how much 
damage the insects are doing to you. Take any one of your crops, and 
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there are millions upon millions of little mouths, millions on millions of 
little beaks taking the nourishment from the plants. Try to find out 
just how much bigger crops you can raise if you were to eliminate these 
unnoticed enemies.” 

Don’t you see how apt Mr. Granovsky’s paper is in that respect and 
how important it would be for him to send his contribution to the 
Balkan countries? 


From what country do you come? 
Mr. A. A. Granovsky: Ukrania. 


Mr. L. O. Howarp: You could send it to the neighboring countries, 
to all of your friends over there. I think you will succeed in emphasizing 


my point. 


First VICE-PRESIDENT W. P. FLint: It might be of interest to some to 
know that we have been carrying on work in Illinois which Dr. Gran- 
ovsky knows about, along much the same line, except that we have been 
working on clovers more than on alfalfa. One of the most interesting 
things that has come out of this work is the fact that the foreign clovers 
are killed by even what we would call a slight leafhopper infestation. 
The foreign clovers are, as a class, glabrous and the American clovers 
pubescent. Apparently the physical characters of the two classes of 
plants have a great deal to do with the effect of the leafhoppers. 

We have some very striking results and there is little doubt that the 
leafhopper is one of the chief reasons why foreign clovers have been 
making such poor yields when planted in this country. 


First VicE-PRESIDENT W. P. Fiint: The next paper on the program 


is by J. H. Bigger. 
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HIBERNATION STUDIES OF COLASPIS BRUNNEA (FAB.)' 


By J. H. BicGer, Jilinois Natural History Survey 





ABSTRACT 
During the years 1924—]926 the Grape Colaspis, Colaspis brunnea Fab., became a 
serious corn pest in the central part of Illinois. Investigations showed that the damage 
occurred mainly after clover was plowed under and corn planted as the succeed- 
ing crop. Corn on late-spring plowed red clover land was most severely damaged. 


The hibernation studies here reported are part of a project for the control of this 
insect. These studies show that the Grape Colaspis hibernates as a larva below the 
frost line in the clover fields. It is shown to be most numerous in second year red 
clover fields. 


During the years 1924 to 1926 the Grape Colaspis, Colaspis brunnea 
(Fab.), developed into a serious pest of corn over the main corn belt area 
of Illinois. At first damage was rather limited in scope, but during 
the later years it became widespread. In 1926 at least 2,000 acres of 
corn was totally destroyed, and many more were damaged, by the 
feeding of the larvae on the roots of the corn seedlings. 


DESCRIPTION OF INJURY: The damage by the larvae takes the form of 
feeding off the surface of the primary root of the young corn plant before 
it has produced many lateral, or feeding roots. This feeding not only 
damages the root itself but, when severe, removes enough of the root 
hairs to starve the plant. The loss of food and moisture causes wilting 
and, where the feeding is extensive, the death of the plant. There is a 
rather typical reddening of the leaves of the injured plants, most notice- 
able at first at the tips and along the veins 

PRELIMINARY OBSERVATIONS: During 1925 and 1926 examinations 
were made of many infested fields in western Illinois. These exami- 
nations tended to show, during 1925, that the greatest damage occurred 


where clover sod was plowed under and corn followed as the next crop 


During 1926 a survey rather definitely determined that the most severe 
destruction of the corn crop followed after the plowing under of red 


+ 1 


clover or alsike clover, and not after plowing under sweet clover. Fur- 
ther examinations indicated that the damage was generally sever 
following late spring plowing and not after fall or early spring plowi1 
Damage occurred in some cases after other crops 

With this information on hand a study of the life and habits of the 
Grape Colaspis was undertaken and the information regarding hiber- 


nation was obtained in this connection 


1Of Project 3.3 of the Entomological section of the Illinois Natural Hist 
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HIBERNATION STUDIES 

As opportunity presented itself during the falland early winter season 
of 1926 examinations were made about the roots of various plants, on 
the upper portions of which numbers of adults of C. brunnea had been 
observed during the summer, to determine in what form these insects 
passed the winter. During the latter part of October larvae were 
found just below the surface of the soil around the roots of red clover. 
Whether they stayed in the same place all winter then became the 
question, and further examinations became necessary. Tentative 
diggings of plants were made Oct. 25th and 27th, 1926. These showed 
numbers of larvae around the roots at not more than 2 inches deep. 
Diggings made Nov. 5, 1926 showed larvae about 6 inches below the 
surface. This suggested a possible migration from the surface to the 
lower depths in the soil, and a series of diggings was started. 

METHOD OF EXAMINATIONS: In making diggings for these larvae a 
cubic foot of soil, a foot square at the surface, was removed in each case 
except where otherwise noted. At first this'amount was entirely re- 
moved in 2 inch layers, later the upper 6 inches was removed as one 
layer and in all the tabulated material included here the earlier diggings 
have been converted to correspond with the later ones. Diggings were 
made in fields that were the first and second year in red clover, the first 
and second year in sweet clover, and in timothy and soybeans. The 
results of the diggings are shown in the various tables following. 

All diggings were made in Morgan County, Illinois, and field numbers 
refer to a marked map in our files of this project. 

SeconD YEAR Rep CLoverR: Table 1. These examinations were 
made in second year growth of red clover that was ready to plow under 
for the next year’s crop of corn. This was the first habitat established 
and here the most complete set of figures was obtained. Diggings 
extended from the first tentative ones Oct. 27, 1926 to those made Dec. 
2, 1926. At the time when systematic diggings started the majorty 
of the larvae were in the 6-S inch zone. From that time until the end 
of November a decided migration to the lower, or 8-10 inch zone, is 
shown by a decrease in per cent of larvae in the first and increase in 
the per cent of larvae in the second. A few of the larvae moved to the 
10-12 inch zone, but the greatest numbers were constantly found during 
the later diggings in the S-10 inch area. Several diggings were extended 
below 12 inches, but no larvae were found there at any time. 


First YEAR Rep CLover: Table 2. From the conditions found in 


the above habitat it was thought advisable to extend operations, so 
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examinations were started in fields that were passing their first year in 
red clover. 

So few larvae were found that no definite conclusions can be arrived 
at from this material, but the data are included as a comparison with 
Table 1. 

Sweet CLover: Table 3 and Table 4. In order to have as nearly a 
complete set of figures as possible and to obtain some evidence as to the 
causes of conditions observed in corn fields following sweet clover, as 
well as following red clover, some diggings were made in sweet clover 
fields late in the season. 

These were not started soon enough to show any migration but bear 
out the observations made in the red clover in so far as they show the 
presence of the greater part of the larvae below the frost line. 

In sweet clover fields the larvae evidently do not go so deep as in red 
clover fields. The frost line in red clover fields was determined by 
examinations Jan. 29, 1927 to be from 5% to 6% inches deep. Diggings 
made in both sweet clover and red clover fields Dec. 23, 1927 showed 
that the ground was not frozen so deeply in sweet clover fields with 
normal ground cover as in red clover fields. 

SOYBEANS: Eight examinations ranging from Nov. 1, 1926 to Dec. 
10, 1926 were made in three fields where soybeans had been grown 
during the previous season. These gave a net return of only one larva of 
C. brunnea. The first examination consisted of digging spade-deep 
along 25 feet of drill row. The other seven examinations were cubic 
foot areas as previously described. Tentative diggings were made in 
three other fields; no larvae were found and no regular diggings made. 

Trmotny: Examinations in cubic foot areas of timothy sod were 
made in five places in two fields on Dec. 11, 1926 and Dec. 13, 1926. 
In three of the diggings, two in one field and one in another, a total of 
four larvae were found. One of these was in the surface 1-6 inch area, 
two in the 6-8 inch area, and one in the 8—10 inch area. 

NUMBERS IN DiFFERENT Hasitats: An interesting comparison of 
the numbers of larvae in the soil around the roots of the various crops 
appears in our figures. Our counts are not yet numerous enough to 
draw definite conclusions. 

Second year red clover growth has more larvae than any other crop. 
Sweet clover has comparatively few, and the other crops few. The 
figures shown here correspond very well with notes of damage tocorn 
by larvae where it appeared that corn after second year red clover 
suffered the most severe damage. 
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TABLE 5. NUMBERS OF LARVAE OF Colaspis brunnea IN SOIL AT ROOTS OF 
VARIOUS CROPS 


Number Number Number Number Maxi- Mini- 


Crop Diggings Fields Larvae Larvae mum mum 
Found per cu. ft. 
2nd vear red clover Ss 2 204 33.0 67 16 
Ist year re 1 clover 6 2 } 66 2 2 
2nd vear sweet clover t 2 42 10.5 16 5 
Ist year sweet clover 3 2 16 5.33 6 4 
Soybea S 3 l AZ l 0 
Timot} § 2 4 38 2 0 


Conc.usions: Colaspis brunnea passes the winter in the larval state. 

The greater majority of larvae go below the line of heaviest frost 
in the fields. In red clover the largest numbers are found 8-10 inches 
below the surface. In sweet clover the largest numbers are found 6-8 
inches below the surface. 

The largest numbers of larvae were uniformly found in the soil around 
the roots of second year red clover. Few were found in first year red 
clover, few in sweet clover, and very few in soybean and timothy fields. 

The material here presented was gathered in the course of studies 
made under a project of the Illinois Natural History Survey to develop 
a method of preventing damage by C. brunnea to corn. 

Note: Studies made in 1927 and not yet compiled will support the 


conclusions here arrived at. 


First Vice-PRESIDENT W. P. Fiint: The next paper is by Herbert 
Spencer and W. E. Hinds. 


UTILIZATION OF 7RICHOGRAMMA MINUTUM FOR 
CONTROL OF THE SUGARCANE BORER 


By W. E. Hinps and HERBERT SPENCER, Louistana Experiment Station 


ABSTRACT 
The value of Trichogramma minutum for control of sugarcane borer has been 
studied in the field since September, 1925, and under Louisiana conditions has been 
found to be the most effective natural control factor, especially during August, 
September, October and November. 
A method for laboratory production and increase has been devised, and in June 
and July 1927 a small scale colonization experiment was apparently successful. 


Details of rearing technique and plans for 1928 work on a larger scale are discussed. 
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Trichogramma minutum Riley is a very small Hymenopterous parasite 
which attacks the eggs of more than fifty species of Lepidoptera, in- 
cluding the Sugarcane Borer (Diatraea saccharalis Fab.), the European 
Corn Borer (Pyrausta nulilalis Hbn.), Codling Moth (Carpocapsa 
pomonella L.), Potato Tuber Worm (Phthorimaea operculella Zell.), 
Tobacco and Tomato Hornworms (Protoparce spp.), Corn Ear Worm 
(Heltothts obsoleta Fab.), Angoumois and other grain moths (Sztotroga 
cerealella Ol. and Plodia interpunctella Hb.); several species of Hymen- 
optera, mostly sawflies; and at least two Coleoptera (Metriona bicolor 
Fab. and Metriona signifera Herbst.") 

FIELD OBSERVATIONS ON TRICHOGRAMMA. In all of the host species 
observed, the eggs that are parasitized become black before emergence 
of the adults, and the shells remain black after emergence (Plate 5, 
Figure 7). For this reason it is relatively easy to examine eggs collected 
in the field, and to determine the efficiency of the parasite in that part 
of the growing season by the percentage of eggs destroyed by parasites. 
Since September 1925 egg collections and examinations have been made 
for this purpose, and the indications are that the Trichogramma par- 
asites are few in number each spring, increase slowly until late July, 
but after that time become very numerous and very effective in reducing 
the numbers of sugarcane borers. The results for 1927 are representative 
and are given in summary in Table 1: 


TABLE 1. SUGARCANE BORER: NATURAL EGG PARASITISM BY TRICHOGRAMMA, 
LouIsIANA, 1927 


Egg Brood Eggs Examined Per cent Parasitized 


March-April. .. yi 750 2.6! 
May-June..... bbbesmans II 2,899 23.9 
eee renee Kenene Ee 31,732 10.4 
Aug.-Sept.-Oct.......... . IV, V, VI 92,874 88.6 


1Only one parasitized batch of eggs found in this group. 

There are several factors concerned in the apparent inefficiency of 
the parasite in the spring and early summer, including temperature, 
scarcity of host eggs, discontinuity of host egg broods, and location 
of hibernating areas, but the matter of parasite distribution is of especial 
significance : 

Even as late as July 12, there were fields of corn and cane in which no 
parasites could be found; also, the percentage of parasitism varied from 
zero to more than 51 per cent in different fields of corn and cane between 
June 20 and July 15, 1927. Earlier in the season parasites were present 


‘1Reared from Metronia spp. eggs at Baton Rouge, La., July 20 and August 2, 


1922 by C. E. Smith. 
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in smaller numbers, and in fewer fields of cane and corn, although un- 
parasitized eggs were found in moderate numbers. In tomato fields 
each year the parasite appeared early, and a high percentage (64%in 
1927) of the eggs of Tomato Hornworm (Protoparce sexta John.) were 
affected. Out of the parasitized hornworm eggs were reared an average 
of 22 adult parasites per egg. 

Such a great variation in the percentages of parasitism in different 
fields under approximately the same cultural and climatic conditions led 
us to believe that Trichogramma spreads very slowly from field to 
field in the spring, possibly on account of its delicate weak nature and 
poor flying ability. 


TABLE 2. PERCENTAGES OF PARASITISM BY TRICHOGRAMMA IN FIELDs, 
JuNeE 20 To JuLy 15, 1927 


Date Crop Eggs Collected Eggs Parasitized Per cent Parasitism 
6/20 Cane 273 15 5A 
6/20 Cane 356 87 24.4 
6/22 Cane 3,039 711 23.4 
6/22 Cane 487 112 23.0 
6/28 Cane 1,656 15 0.9 
6/29 Cane 256 28 10.9 
6/29 Corn 302 67 22.1 
6/29 Corn 1,094 562 51.4 
7/1 Tomatoes 145' O4 64.8 
7/6 Cane 427 0 0 
7/7 Corn 455 57 12.5 
7/8 Corn 1,714 103 6.0 
7/ll Cane SSY 125 14.0 
7/12 Corn 691 0 0 
7/13 Corn 1,450 10 0.7 
7/14 Corn 425 59 13.8 
7/15 Cane 910 91 10.0 


'Protoparce eggs; all other records from Diatraea eggs. 


PRELIMINARY COLONIZATION EXPERIMENT. A consideration of this 
data and hypothesis led to the hope that artificial colonization of Trich- 
ogramma into fields from which it was absent early in the spring 
might establish the parasites and start them to work earlier than if 
natural spread was depended upon alone. So in June and July 1927 a 
small scale Trichogramma colonization experiment was carried out on a 
cane plantation at Cinclare, Louisiana. Two similar fields of cane were 
located within one-half mile of each other, both without any Tricho- 
gramma parasitism. Beginning June 9, parasitized eggs reared in the 


laboratory, just ready to emerge as adult Trichogrammas, were placed 
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in one of these cane fields, in the following approximate numbers: 
June 9, 13,000; June 15, 16,000; June 18, 14,000; June 22, 13,000; 
June 24, 10,000; June 28, 16,000; and July 14, 12,000. In all, about 
94,000 parasitized eggs were placed in the colonized field. To determine 
the results of this work, collections of eggs were made and the percentage 
of parasitism determined: 


TABLE 3. TRICHOGRAMMA COLONIZATION EXPERIMENT, CINCLARE, 
LOUISIANA, 1927 
Percentage f Egg Parasitism 
Culonized Field' ( k Field 
June 9.. 0 0 
June 23 2.4 0 
July 6 ’ ' an aig 6.9 1.4 
OS eee 16.4 99 
Sept. 20... 97.7 


'94,000 parasites liberated in field between June 9 and July 14. 18,562 eggs 


examined for above records. 


In the colonization experiment, parasites were recovered from the 
colonized field two weeks after the first introduction. Unfortunately 
for the experiment they spread to the check field in another two weeks 
but throughout the season the percentage of parasitism was consider- 
ably lower in the check than in the colonized field. In the latter a peak 
of 97.7% efficiency was reached on September 20. 

ARTIFICIAL REARING OF TRICHOGRAMMA. Artificial rearing of Tricho- 
gramma was started March 9, 1927 in the Louisiana Experiment Station 
Laboratory. Adult Angoumois Grain Moths (Sztotroga cerealella Ol.) 
were collected from corn cribs with vials and placed in quart square 
glass-topped mason jars, using a funnel arrangement for preventing 
escape during collection. For egg deposition, two sheets of three-inch 
filter paper were clamped under the glass cover. The inner sheet was 
punched with many holes one-eighth inch in diameter, and most of the 
eggs were laid through the holes and between the two papers. These 
papers were removed each day, separated, and with the eggs attached 
were exposed to parasites bred from cane-borer eggs from cane fields, 
using petri dishes as containers. With a brood of parasites maturing in 
ten days in the laboratory, with considerable increase in numbers, 
laboratory produced parasites were soon used in the petri dishes, and by 
June a surplus of parasites was on hand, sufficient for the colonization 
work discussed, and for another similar experiment performed at Baton 


Rouge. 
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EQUIPMENT FOR QUANTITY PRODUCTION IN 1928. The results of the 
1927 work with Trichogramma were encouraging enough to induce us 
to plan more extensive colonization and control experiments for 1928. 
In order to have sufficient parasites for the proposed work, equipment 
with much greater capacity has been devised and constructed. For 
rearing Angoumois Grain Moths two rooms have been constructed 
(Plate—, Figure 1), each 12 feet by 16 feet with ceiling seven feet high. 
The walls and ceiling are insulated with double layers of ‘“‘Celotex”’ 
wall-board, and are plastered smoothly inside. In the center of each 
room is a rack holding tiers of removable trays, each tray with a capacity 
of approximately one bushel of corn. The corn, 125 bushels in all, was 
fumigated to rid it of all weevils, and many thousands of eggs of Sito- 
troga were placed back, to develop a “‘pure’”’ breeding stock. The tem- 
perature is held between 75° and 85°F. by electric heating units and 
fans, the former controlled by simple bimetallic thermostats (Plate 5, 
Figure 2). In these rooms the development of Sitotroga is completed in 
from 30 to 35 days, but by adding eggs each day for the first month, a 
constant supply of moths was assured. After emerging, part of the adult 
moths stay in the corn trays, and part fly out to the smoothly plastered 
walls, where they are captured by a vacuum collector. 

The vacuum collector (Plate 5, Figure 3), consists of an ordinary 
electric vacuum sweeper, provided with a hose outlet, which leads to a 
tin air chamber, made with an inner cylinder of fly screen, open at the 
lower end and fitting the mouth of a square quart mason jar. From 
the middle of the top of the inner screen cylinder another hose leads 
to the aluminum sweeper attachment, with which the moths are drawn 
from the walls of the room. In operation the air is drawn through the 
inner screen cylinder, but the moths cannot pass through the meshes 
to the sweeper, and so drop into the mason jar. With our sweeper it was 
necessary to bore holes in the outer air chamber to lessen the suction, 





PLATE 5. REARING TRICHOGRAMMA FOR COLONIZATION EXPERIMENTS 


Figure |. Room with rack of trays for corn used in rearing Sttotroga cerealella moths. 

Figure 2. Temperature control unit for moth rooms, including fan, thermoregulator, 
baffle plate and radiant electric heating element 

Figure 3. Moth collector. 

Figure 4. Egg laying (Mason) jars for moths. 

Figure 5. Petri dishes containing Trichogramma adults and circles of paper with 
Sitotroga eggs affixed; for parasite egg deposition. 

Figure 6. Normal Diatraea saccharalis eggs ready to hatch; from field. 

Figure 7. Egg mass of Diatraea, with part of eggs hatched and remainder (black) 


parasitized hy Trichogramma. 
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to keep from damaging the adult moths. Two or three hundred moths 
are placed in each mason jar and the covers are clamped on over a sheet 
of three inch white filter paper (Plate 5, Figure 4). 

After 24 hours at room temperature or at 80°F. the jars are opened, a 
screen is placed over the mouth, and by inversion and shaking the eggs 
are screened on to a pane of glass, where they are cleaned and concen- 
trated. Circles of cardboard are spread thinly with photo paste (We 
use “Cico’’) and with a brush the eggs are lifted and scattered over 
the circle. Each jar of moths yields two lots of eggs. 

After drying, these ‘“‘egg sheets’ are placed in cold storage at 40°F. 
or are used at once, in petri dishes containing parasites or segments 
of previously exposed egg sheets from which the parasites are ready to 
emerge (Plate 5, Figure 5). 
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and construction of apparatus, and to Mr. C. O. Hopkins, for the ex- 
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Mr. L. O. Howarp: I promise not to discuss anything else. I don’t 
want to talk too much, but it is most interesting to find that attention is 
being centered on Trichogramma in so many places just now. It is evi- 
dently a very promising species. It seems to be one of the first parasites 
that we are going to be able practically to domesticate. The European 
form has been studied at Berlin for two years and Marchal has been 
studying it intensively in Paris for more than a year. Flanders is doing 
wonderful work in California and Dr. Spencer and Dr. Hinds are work- 
ing with the same genus in Louisiana. It is extremely interesting. It is 
a most adaptable species. It has many hosts and is adaptable in its 
biology. Marchal has found it accomodates itself in a most extraordi- 
nary way as to the number of generations, according to the host it par- 


asitizes. 

They have practically decided in Europe that the Trichogramma that 
have been described under very many specific names and several genera 
are all the same form. I am going to suggest to Dr. Spencer and Dr. 
Hinds that they send specimens to Dr. Paul Marchal in Paris and Dr. 
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Hase in Berlin. I think their comparative findings extremely interest- 
ing. Hase is interested in biological points about the variation of this 
species. I look forward to the work on Trichogramma with great con- 
fidence as eventually showing something very practical. 


First VicE-PResIpENT W. P. Fiint: The next paper this morning is 
by K. M. King. 


BARATHRA CONFIGURATA WLK., AN ARMYWORM WITH 
IMPORTANT POTENTIALITIES ON THE NORTHERN 
PRAIRIES! 


By KENNETH M. KING,? Dominion Entomological Laboratory, Saksatoon, Sask. 


ABSTRACT 
This paper deals chiefly with the life-history, economic importance and means of 
distinguishing the immature stages of this increasingly destructive native pest of 
flax, sweet clover, alfalfa, sugar beets, cabbage, corn and other plants. 


The outbreak of 1927 in the Prairie Provinces was the climax, up to 
the present, of injury by Barathra (Mamestra) configurata (Walker 
1856), a native Phalaenid (Noctuid) which has caused “‘commercial”’ 
damage in Saskatchewan each year since 1921, although observed as a 
crop pest only within the last 12 or 15 years. These records assume 
particular significance in view of the fact that B. brassicae L. has long 
been an important pest of cabbage, beets and allied crops, over wide 
areas of Europe and Asia (vide Valch °13). 

In Eastern Canada, PB. curialis Sm., the only other North American 
representative at present placed in this genus, occurred in outbreak 
numbers in 1905 (1, 2, 3, 4), and again in 1925 (7),* but is normally 
scarce or even rare (3) and personal communication from A. Gibson, 
and has never shown recurring abundance year after year as recorded 
for the western species. Although the larvae of B. curialis (3) are very 
similar in appearance to those of B. configurata, the moths of the two 
species are easily separated on wing markings, and Dr. J. McDunnovgh 
states that the male genitalia show distinct differences of specific value. 


1Contribution from the Division of Field Crop and Garden Insects, Entomological 
Branch, Department of Agriculture for Canada. 

?The writer wishes to acknowledge his very considerable indebtedness to H. L. 
Seamans for the various records relating to Alberta, and to Norman Criddle for notes 


on the less extensive occurrence in Manitoba. 
‘In several of these papers (1, 2, 4, 7), B. curialis is referred to in error (vide 3) 
under the name of B. occidentata Grt. a synonym of B. configurata. 
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Ecologically, the two are almost equally distinct, curialis occurring 
almost invariably in forested districts, chiefly northwestern, while 
configurata is typically associated with grassland areas. The larval 
food plants and feeding habits show some important diversities, though 
very similar in the main, and the pupae exhibit slight morphological 
differences when a series is considered. 


ComMON Name. The economic importance of B. configurata already 
is sufficiently widespread to call for the official adoption of a common 
name for it. The name Bertha armyworm was strongly recommended, 
after thorough discussion during the 1927 sessions at Saskatoon, by 
the International Great Plains Crop Pest Committee, an organization of 
entomologists representative of the entire area in which the species is at 
present known to have any economic standing. 

This recommendation was based on the following considerations:—(1) The name, 
which was originated by the farmers affected by the pest, already has considerable 
standing among them; (2) a common name based upon the injury to any one plant 
or a single plant part is inappropriate in popular usage, in view of the variety of 
food plants and of the parts attacked; (3) likewise the use of a vasiety of common 
names for it seems inadvisable; (4) under the circumstances, by far the best alterna- 
tive would appear to be the adoption of a concise name easily adapted to popular 
usage, even though the name may not in itself be significant; (5) ample precedent for 
this may be found, both in entomology and in the official common names in other 
animal groups; (6) B. configurata has been observed on rather numerous occasions, 
when very abundant, migrating slowly, but in a definitely armyworm fashion. 

PLANTS ATTACKED AND EXTENT oF INJuRY. The larvae of this 
species attack rather freely nearly every dicotyledonous plant* growing 
in flower and vegetable gardens and in cultivated fields. In common 
with other species of the genus, members of the families Chenopodiaceae 
and Brassicaceae (Cruciferae) are more or less favoured food plants. 
The severe injury to flax, sweet clover and alfalfa is recorded however 
only for B. configurata. The more mature larvae typically feed upon 
the ripening seed pods, if available, but flowers and leaves are also 
readily eaten. 

The work on flax (Plate 6-5) seems that most characteristic of the 
species, since similar injury by any other cutworm has not been ob- 


‘The actual records are:—(garden flowers) Delphinium or larkspur, marigold, sweet 
pea, poppy, petunia, hollyhock, sunflower, zinnia; (wild flowers) wild rose, gumweed, 
wild sunflower, wild flax? native larkspur?; (garden and truck crops) cabbage, beets, 
sweet corn, tomato, cauliflower, swiss chard, garden pea and bean, broad bean, 
lettuce, turnip, rhubarb, potatoes; (field crops) flax, sweet clover, alfalfa, red clover, 
sugar beet, mangels, corn, field peas, sunflower, wheat; (weeds) lamb’s quarter, 


redroot pigweed, Russian pigweed, Russian thistle, various wild mustards. 
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served. In this locality the Barathra larvae usually approach maturity 
at about the same time as the flax, and the most serious attack is on 
the greener seed pods, which are eaten entire, leaving only the bracts or a 
portion of the carpels. As the pods mature, the worms bore into them 
from the side, eating out the contents, something after the fashion 
of the boll-worm on cotton. Earlier in the season, the flowers and 
leaves are heavily attacked. In one reported instance, the flax seed- 
crop in a large field was reduced on an average not less than one-half. 
In large areas of another field, 75 per cent of the bolls were destroyed. 
Losses of 15 to 30 per cent in a field have been observed rather fre- 
quently. 

The ravages to sweet clover and alfalfa grown for seed are sometimes 
even more severe (Plate 6-3). In one instance, a two hundred acre field 
of sweet clover was so badly damaged that no attempt was made to 
harvest the small amount of seed remaining. In 1927, in Alberta, 
destruction of more than 1500 acres of seed crop was reported. In one 
ruined field, H. L. Seamans estimated that the infestation at the height 
of the damage ran as high as 200 worms or more to the square foot of 
area; after a rather high proportion had moved off to other fields, 146 
pupae were found in one square yard. Seed injury reaches its maximum 
in sweet clover fields of several years standing. The hay crop is often 
appreciably reduced, but to what extent it is difficult to estimate. 
Seedling alfalfa and sweet clover are sometimes seriously damaged. 


In common with other members of the genus, Barathra configurata 
attacks cabbage freely. In the vicinity of Saskatoon, it has been the 
most serious enemy of this crop in many fields and gardens within 
recent years. In 1925, in one small field, 60 per cent of 1,200 plants were 
rendered unfit for human consumption, by the work of this species, 
neither Plutella maculipennts Curt. nor Pieris spp. (P. rapae L. and P. 
occidentalis Reck.) being common in the field. In 1927, a nearly mature 
head, which bore no outward evidence of heavier infestation than the 
others of the field, was found to contain 18 Barathra larvae, while two 
more were in the soil at the base of this plant; early cabbage here was 
severely injured, while late or ‘winter’ varieties were scarcely 


touched. 

The injury to ears of corn (Plate 6-4) rather closely resembles that 
by the corn earworm (Heliothis obsoleta Fab.), but is usually less severe, 
inasmuch as the Barathra larvae frequently do not attack the sweet 
corn until fertilization is complete, and the work is then often confined to 
the silk. Rather important damage by it has been recorded, however. 
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The cutworms bore into the pods of peas and beans, and into tomato 
fruits, often causing appreciable losses. On a few occasions, sugar beets 
have been rather heavily attacked in Alberta. 

A very unusual, but evidently authentic, record of injury to wheat, in 
1927, was received from a correspondent, N. J. McLeod, Kelfield, Sask. 
The Barathra larvae had evidently been feeding on lamb’s quarters in 
the wheat field, but when the weeds were completely eaten out by 
the passage through the field of an army of beet webworms (Loxostege 
sticticalis L.), many turned their attention to the only remaining plants 
at hand, and bored into the heads of wheat, actually eating out the 
kernels. 

Some of the weeds, particularly lamb’s quarters (Chenopodium 
album L.), are so suitable for oviposition and so heavily attacked by the 
larvae, as to be very important immediate sources of infestation to 
crops, as well as a means of multiplication, through successive seasons 
to outbreak conditions. 


DESCRIPTION OF STAGES® 


Both adults and pupae (Fig. 19, 20) of the genus PBarathra are well 
characterized structurally, but the larvae are not so easily distinguished, 
though their variability in itself is often suggestive when several of 
the colour forms occur together. 

The colouration of the larvae of B. configurata agrees very well, 
in the main, with the excellent detailed description given by Fletcher 
and Gibson (’66) for B. curialis, but the last stage of the former is even 
more variable. During the first four instars the larvae have the appear- 
ance and often the habit of loopers (Autographa); the body is green in 
general colour, with more or less distinct, narrow, whitish, dorsal and 
subdorsal stripes, and a broader but indistinct subscigmatal band. 
The larvae of the fifth stadium show changes grading towards the va- 
riable final instar; the majority are of the green type described, but 
others are brownish green, or brownish, with some blackish marks. 

In the final larval stage, a black, conspicuously striped form (Plate 
6-2), and a contrasting, almost unstriped, brownish form with black 
markings (Plate 6-1) are particularly common, but there are many other 
variants among individuals. Furthermore, rather marked differences 
often occur between groups in situations of different degrees of exposure, 
and ocassionally between those in similar situations but on different 
food plants. Encountered singly or in rather homogeneous groups, 


‘The present partial descriptions are primarily for purposes of differentiation. 
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such as are frequently found in nature, many of these types would 
appear to represent distinct species, a fact which adds to the difficulties 


of accurate identification. 

Last stage larvae of configurata found in fully exposed situations, particularly 
when feeding on flax, are usually of dark shades, the pale gray or drab ground-colour 
being heavily overlaid with blackish (Plate 6-2); typically the narrow dorsal and 
subdorsal stripes of bright yellow are distinct and nearly continuous; the broad 
substigmatal band, which is very conspicuous because limited below and especially 
above by the dark areas, is pale yellow much flushed with red, the latter a distinctive 
feature; the black colouration may be more or less uniformly distributed over the 
dorsum, as in the darker forms, or there may be velvety black patches both above 
the spiracles and forming dorsal oblique bands or distinct W-marks in the dorsal 
region; a few specimens are almost solidly dull black above the spiracles, the yellow 
stripes being almost obliterated. Some larvae, including a fair proportion of those 
feeding on sweet clover and a large share of those in cabbage, are brown instead of 
blackish, often of a ruddy hue; in these, the dorsal velvety black patches or obliques 
are usually conspicuous (Plate 6-1). The substigmatal band which is so conspicuous 
in the dark forms, is indistinct or completely absent in these and the lighter kinds. 
The colouration of larvae, which are feeding completely hidden, in cabbage heads or 
ears of corn, often has a faded appearance. A few last instar larvae, especially those 
feeding on corn, retain the nearly uniform greenish colour of the early stages, while 
a few are distinctly and rather brightly yellow, with a few small blackish spots on 
the dorsum. The venter of all types is pale, usually greenish. The head is honey- 
yellow, coarsely mottled with dark brown. The average head width is 3.2 mm. 
(3.04 to 3.35). The mandibles are heavy and thick, fairly broad, tipped with black, 
with four large prominent teeth (the upper and lower sometimes slightly divided 
into two toothlets); on the inner face is a large, triangular, heavy, black, toothlike 
projection. The epicranial index (vide Ripley '23) is variable, the average (of 10) 
being 1.23, the minimum 0.90 and the maximum, 1.77. The crochet formula (full- 
grown larvae) is 21, 22, 25, 26, 29. The cuticle is smooth, without granules or 
spinules. 

The pupa (Fig. 19, 20) is of the usual type of the Hadeninae as characterized by 
Mosher ('16). It is rather slender (5.5x18.5 mm.) gradually tapering caudally. The 
cremaster and spines (Fig.20) are very distinctive; the former is clearly differentiated, 
conical, dark, and rather strongly rugose; the comparatively stout terminal spines, 
0.7 mm. long, are very close set and closely appressed, slightly divergent, straight 
except sometimes slightly outcurved at the tip, which is usually expanded into a 
button. The anterior third of the movable abdominal segments (5, 6 and 7) have a 
band of rather shallow punctures which are somewhat larger and deeper dorsally; 
there are also a few light punctures on the dorsum of the anterior abdominal seg- 
ments, especially the fourth. The tips of the maxillae reach the posterior margin 
of the wings, are slightly expanded just before the tip, and considerably exceed the 
tips of the mesothoracic legs. The latter, which do not reach anteriorly to the eye 
pieces, usually are slightly shorter caudally than the antennae. Only very small 
portions of the metathoracic legs are visible, and do not touch medially. The spiracles 


are normal; the epicranial suture wanting. 
According to Hampson ('05), the imagines of Barathra Hubner are characterized, 
among all other North American hairy-eyed Noctuids, by the presence of a long, 
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Fig. 19.—Pupal characters of Barathra configurata. 1, dorsal view; 


2, ventral view; Original. ' 
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heavy, curved, terminal claw on the outer side of each fore tibia. The species 
configurata Walker is distinguished by the broad olive band just anterior to the sub- 
terminal line, which is promin- 
ently defined by whitish on the 
inner side. The moths are large, -_ 
with a wing expanse of about \ 
one and one-half inches. \ 

The egg is of the usual cut- 
worm type, with about 38 ribs. — SE 

Lire-History AND HaAB- \ 
irs. The moths from the be 
overwintering pupae begin 
to appear early in June and ie. - 5 
are sometimes present until ty 
August, the maximum 
abundance, in the average 
year in the northern 
prairies, being reached late \ 
in June or the early part of 
July. They feed freely upon 
flowers of various kinds, 





being found in the field par- 
ticularly on those of wild 
mustards. They appear to 
be entirely nocturnal in 





habit. It has been repeat- 
edly observed in the field 
that only occasionally are 
the moths attracted to light 
and this when a fairly 
bright light is very close to 
them. This, in part, ex- 
plains the comparative 





rarity of the species in col- 
lections, and also the fact Fig. 20.—Pupal characters; 3, Scotogramma 
that even when the moths trijoltt, caudal segments, dorsal view. 
4, Barathra configurata, caudal segments, dor- 


are known to be fairly : — 
sal view, showing characteristic spines and 


abundant the light-trap te 
‘ - rugose cremaster. Original. 
catch is very small.® 


‘The exception to this in the instance of the Lethbridge, Alberta light trap may 
be connected with the position of the light in very close proximity to flowering 
clematis. 
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After a fairly short pre-oviposition period, egg deposition begins. 
The eggs are laid in large flat patches upon vegetation. One mass dis- 
covered upon a leaf of lamb’s quarters in the field contained 114 eggs. 
The number of eggs normally laid by each female has not been com- 
pletely studied, but is evidently large; [700 are recorded in one instance 
for B. curialis (3), while Masaitas (’25) reports that, when fed on syrup 
under experimental conditions, individual moths of B. brassicae may live 
as long as 24 days and lay over 2,000 eggs]. Only a few days are re- 
quired for hatching. 

Larvae in the earlier instars are essentially solitary in habit, and are 
mostly nocturnal except when feeding in entirely concealed situations. 
In the later one or two of the six larval stadia, the habits (as well as 
the appearance) become more variable. The majority of the larvae 
observed attacking marigolds, pea-vines, etc., were nocturnal feeders, 
hiding during the day among debris or vegetation on the soil surface or 
even burrowing slightly into the earth. Very few of those feeding on 
cabbage or corn, or boring into pods of peas or beans, abandon their 
positions during the day. When attacking cabbage, the larvae usually 
work their way in as far as possible through the loose outer leaves 
before commencing to feed; they then continue to bore inwards, their 
meandering burrows often extending a radial distance of from 3 to 5 
inches into the solid head, thus spoiling much more material than is 
actually consumed. 

When on flax, sweet clover, pigweed, etc., the older larvae usually 
remain on the heads throughout the twenty-four hours, although fully 
exposed to bright hot sunshine or cold beating rains. Slow, but definite, 
directional migration of such larvae, when numerous, has been observed 
on a number of occasions. Notwithstanding, the considerable period 
of moth emergence and flight, it is evident that the majority appear 
within a short time and that the greater part of the oviposition occurs 
within a fairly short period. It is found that, in most seasons, the great 
mass of larvae consequently reach the final instar within a few days 
of one another. Usually, the inconspicuous and less destructive earlier 
stages have not been noticed by farmers, and the sudden appearance of 
large numbers of rather brightly marked, very voracious larvae in 
the last instar is very alarming. A few larvae begin to reach maturity 
soon after the middle of August in the average year, but the majority 
not until the early part of September. 


The mature larvae enter the ground to a depth of a few inches, forma 
cell, and, after a short prepupal period, change to the pupal stage, in 
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which hibernation occurs. The majority of the pupae exhibit a very well 
established dormancy in an early stage, with no visible signs of further 
development until a short time before emergence in the spring. While no 
extensive. experiments have been undertaken, it is evident that a con- 
siderable period of time is a normal requisite to further development, 
which seems not to be materially accelerated by a moderate length 
of exposure to cold. Curiously, in the laboratory, a very small per- 
centage of the pupae develop without undue delay, the moths emerging 
in about three weeks. The same phenomenon evidently occurs in 
nature, as evidenced by the capture late in each fall of a very few newly- 
emerged moths. In this locality at least, these do not constitute 
even a partial second brood in any true sense, but undoubtedly perish 
not long after emergence. 

NaTuRAL ControL. The more important natural control factors 
observed in the investigations have been—mortality of the hibernating 
pupae, destruction of maturing larvae by flocks of crows, and disease 
among the larvae. Of these, the first is undoubtedly the most generally 
effective, and appears largely responsible for the marked sporadicity 
of outbreaks in a locality. In the instance of the 1922 outbreak on flax 
near Moose Jaw, Sask., a careful correspondent, L. W. Ashton, reported 
that, while very numerous healthy pupae could be found by a little 
digging in the fall, only an extremely small proportion of those dug 
up the following spring were alive, the majority being in various stages 
of decay; incidentally, the species was entirely unimportant in this 
district in 1923. The variations in pupal mortality under different field 
and weather conditions have not been worked out 

In nearly all outbreaks, the destructiveness to such crops as flax and 
sweet clover has been greatly reduced by the activities of flocks of crows 
feeding upon the armies of larvae. In several instances the numbers 
were so reduced that infestations, which had threatened the entire 
destruction of the crop in certain fields, caused a final net loss of less 
than 25 per cent. 

The observed maximum larval mortality caused by disease, was 40 
to 50 per cent. This occurred at Wauchope, Sask., in 1925, under 
conditions of frequent rains, high humidity coupled with high temper- 
atures, and a very heavy infestation. 


Field collections of eggs have been too few to give any indications as 
to the importance of egg parasitism, which is one of the most important 
factors recorded for B. brassicae (vide Voelkel '25, Luchnik ’26 et alii). 
The rate of parasitism of the larvae is surprisingly low. The highest 
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recorded was on flax at Wauchope in 1925,—the infestation being in its 
second year,—and did not exceed 25 per cent. The greater part of this 
parasitism was by Paniscus? sp., a tachinid being the only other par- 
asite secured. 

Under conditions of heavy rains a small proportion of the larvae on 
cabbage are killed by drowning in the accumulation of moisture at 
the bases of the outer leaves. 

DIFFERENTIATION From SPECIES OF SIMILAR APPEARANCE OR 
Hapits. Under ordinary laboratory conditions, the pupae are very 
hard to rear, the great majority dying during the winter or producing 
very imperfect moths. Most of those which die are too immature to 
permit identification by dissecting out the moths. Even when good 
moth specimens are secured, it is usually only after a delay of some 
months, and from such a small proportion of the variable larvae as to 
cast much doubt upon the identity of the remainder. Under the cir- 
cumstances, it is not surprising that the species has been variously 
determined by entomologists well acquainted with cutworm work, 
tentatively as Scotogramma trifolit Rott., Heliothis obsoleta Fab., Cirphis 
unipuncta How., Agrotis c-nigrum L. or A. unicolor Wk. 

Fortunately, it has been found possible to distinguish Parathra from 
these with complete certainty, without rearing to the adult stage. 
The pupal morphology is most useful, although the determination may 
often be made earlier, on the basis of superficial characters of the larvae 
and a knowledge of the habits and type of seasonal rhythm of the several 
species. 

The clover cutworm, Scotogramma trifolit, occurs in numbers upon lamb’s quarters 
in Saskatchewan, while a few have been taken feeding onsweet clover. It is also 
known to attack beets and other food plants in common with Barathra. The more 
typical last instar larvae of the latter are at once distinguished by the black dorsum. 
The mottled and pale larvae have not yet been clearly differentiated, on superficial 
characters, from those of trifolii, although the latter are usually dull green with the 
substigmatal band pinkish with white borders. The teeth of the mandibles are 
longer and more pointed and there is no toothlike structure on the inner face. The 
pupa of S. érifolit is distinguishable at a glance by the smooth, short, truncate 
cremaster (Fig. 20-3), and the very wideset terminal spines, among other characters. 
The moth also emerges without delay from the pupa. 

Both in character of the injury and in appearance, some of the larvae of Barathra, 
found in the ears of corn, very closely resemble those of the corn earworm, Heliothis 
obsoleta, the two sometimes occurring in the same field. The larvae are easily sep- 
arated because of the numerous fixed spinules on the cuticle of the latter species, and 
the rather slight indentations of its mandibles. The pupa is distinct on a number of 
characters: the virtual absence of a cremaster and the fact that the caudal extremity 
is blunt and smooth; the somewhat slighter, shorter terminal spines, without button; 
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the mesothoracic legs considerably longer than the antennae; the maxillae not 
reaching the caudal margin of the wings on the venter; the metathoracic legs rather 
large and meeting medially; there is no delay in development unless retarded by low 
temperatures, the moths emerge in a short time. 

The more typical mature larvae of Barathra (P|. 6-2) are rather similar to those of 
the armyworm (C. unipuncta), but the habits are usually distinct, since the latter 
show a strong preference for grasses, which are almost never attacked by the former. 
The colour pattern is distinguishable on close examination, and the mandibles of 
unipuncta show only two teeth, which are obscure. The pupae are very distinct, 
both from the single row of deep pits dorsally along the cephalic margin of abdominal 
segments 5, 6 and 7 and by the two pairs of slender, hooked setae on the dorsum, 
near the base of the terminal spines of the non-rugose cremaster of unipuncta. 

The majority of the mature Barathra larvae feeding in cabbage heads, and many 
of those in corn ears and some other situations, would, from their general appearance, 
be placed at once, by those familiar with the spotted cutworm and the W-marked 
cutworms, as belonging to one or other of these two species, particularly the former 
A. c-nigrum (cf. Pl. 6-1). The character of the seasonal rhythm eliminates this 
possibility, since both A. unicolor and A. c-nigrum in this, as in other regions, hiber- 
nate as partly grown larvae, mature late in the spring, and are present in the moth 
stage during the time that the larvae of Barathra are causing their depredations. 
The larvae have not been examined for distinctive characters but should there be 
doubt, the pupae are separable both by the fact that they exhibit no tendency to 
dormancy, and by the two pairs of slender, hooked setae on the dorsum of the 
cremaster, in addition to the stout terminal spines. The cremaster of c-nigrum is 
smooth, also, and its terminal spines are set distinctly apart. 


DISTRIBUTION AND History OF OUTBREAKS. The recorded captures 
of moths of Barathra configurata’ correspond roughly in distribution 
with the transition zone of Merriam, extending along the Rocky mount- 
ains from Mexico to British Columbia and widely in the Prairie Prov- 
inces. The species seems to be definitely associated with the drier or 
grassland areus but is also taken well within the margin of the savanna. 


?7The moth records now available to the writer are:—Mexico (Mexico City), New 
Mexico (Durango, James Springs, Las Vegas, Hot Springs, Fort Wingate), Arizona 
(Prescott, Cochise Co.), Colorado (Denver, Oak Creek Canyon, Fort Collins), Utah 
(Cedar City, Vineyard), Montana (Bozeman and South Cottonwood Canyon, Galla- 
tin Co., Hamilton), British Columbia (Lilooet and the Fernie District), Alberta 
(Lethbridge; also distributed probably throughout the southern half of the province), 
Saskatchewan (a large number of points representative of the area from the inter- 
national boundary to well within the popular savanna belt), Manitoba (Aweme, 
Miniota). In contrast, the moth records for B. curialis are invariably from areas 
of forest or savanna, chiefly in the eastern provinces of Canada (Ontario, Quebec and 
the Maritimes), the New England States and New York, but including also records 
for Edmonton, Alberta and Kaslo, British Columbia. For most of these records the 
writer is indebted to the Wm. Barnes Collection, the United States National Museum, 
the Montana Experiment Station, and the Canadian National Collection. 
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The outstanding feature of the known outbreaks of B. configurata has 
been their marked sporadicity both in time and in space. Seldom has 
severe injury occurred in two successive years in any small locality, 
although often there is slight damage in the year preceding an out- 
break. In a very few instances, damage in three successive years has 
been reported by the same grower; where this occurred, there was 
usually a heavy outbreak in one year with lesser infestations during 
the year preceding and that following it. Another feature of the more 
widespread outbreaks has been the great local differences in intensity. 

Economic infestations have been definitely recorded only in Western 
Canada. The first authentic economic record was for flax in the Moose 
Jaw district of Saskatchewan in 1922. The following year slight damage 
was recorded only for two points in southeast Saskatchewan in a district 
where heavy infestations occurred in 1924. The outbreak of 1925 was 
probably the heaviest and most widespread that has yet occurred in 
Saskatchewan, the area extending diagonallv in a broad belt from north- 
west of Saskatoon to the southeast corner of the province. In 1926, 
the species was only moderately abundant, this time at a number of 
scattered points in central and west central Saskatchewan, an occurrence 
which seemed to presage the heavy outbreak in these districts during the 
past season (1927). In Alberta, H. L. Seamans states that commercial 
damage had not been observed prior to 1925, and only slight losses that 
year and in 1926. In 1927, the outbreak was very heavy over the greater 
part of the province south of Edmonton, involving the loss of several 
hundred acres of crop of various kinds. It also extended into the ad- 
jacent Fernie district of British Columbia. Considerable injury to 
sweet clover in Manitoba was observed by Norman Criddle in 1925 
and 1927, extending from the Treesbank district to the southeast corner; 
the infestations on the whole were not very heavy. The outbreak of 
1925 almost undoubtedly extended into the northwestern part of North 
Dakota. 


OUTLOOK FOR THE Future. All the information at hand indicates 
that this species is gradually increasing in importance as an agricultural 
pest. Of particular significance in this respect are the light-trap records 
of the Lethbridge laboratory, Alberta, taken in conjunction with other 
observations reported above. The light-trap has been kept under 
virtually standard conditions, and complete records have been kept 
each season beginning in 1921. For B. configurata these were :—1921—no 
moths, 1922—3, 1923—12, 1924—16, 1925—37, 1926—33, 1927—53. In 
Saskatchewan, there are dependable reports of slight economic im- 
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portance of the species at a few points as early as 1915 or 1916, although 
the first outbreak record authenticated by rearing, was, as previously 
stated, for 1922. In spite of the marked fluctuations in numbers, there is 
little doubt that the general trend has been decidedly toward an in- 
crease in range, in intensity of infestation, and in the rate of damage. 
There is reason to believe that, until fairly recent years, B. configurata 
was living in native situations, upon various wild flowers and occasional 
small patches of “‘weeds.’”’ From this, only a slight adaptation was 
needed, to permit multiplication upon the widespread areas of favoured 
crop plants, and weeds of cultivated fields. The considerable vari- 
ations in morphological characters, habits, and appearance of the larvae, 
seem to be significant of a lack of homogeneity and of a transitional 
condition of the species. If this is true the economic potentialities are 
increased. The observed non-dormancy of a small proportion of the 
pupae may indicate the increase of the species in a two brooded con- 
dition, in areas of longer seasons. 

The confusion of the larvae with other species and the great difficulty 
of rearing adults for identification, strongly suggest that B. configurata 
has been troublesome over a considerably wider territory than is shown 
by the fully authentic records. At Bozeman, Montana,* for example, 
pupae of this species were found in some numbers in a garden in May 
1917, and again in May 1918, which, in the light of present information, 
mav have resulted from a moderate infestation on garden plants the pre- 
vious summer. 

In the present area of heavy infestation, the most serious threat is in 
the damage to sweet clover, in view of the increasing importance of this 
crop in the agricultural scheme. From the known habits of the genus, 
the developments on sugar beets and on cabbage should also be closely 
watched. 

NoTES ON MEANS OF CONTROL. Few definite data have been secured 
in reference to means of control. In part, this 1s due to the sporadic 
nature of the outbreaks, and the fact that the infestations, which are 
usually not observed by growers until the appearance of the conspicuous 
and voracious swarms of last stage larvae, are seldom reported until the 
damage is nearly complete. This sporadicity also renders difficult the 
use of control measures at the proper time and place, and creates both a 
need for a method of forecasting outbreaks from meteorological con- 


®Records made available by the Montana Experiment Station through Dr. W. C. 
Cook; the rearings were by the present writer, at that time student assistant at Boze- 
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ditions, and an opportunity to work it out when there are secured a 
greater number of accurate and definite records of outbreaks, together 
with further observations on limiting factors. 

Ploughing, particularly in the fall, for the destruction of pupae, has 
been found to be of much value, but depends for best results on a 
popular knowledge of the species, so that the method can be applied 
during the season prior to a threatened outbreak, and to infested patches 
of lamb’s quarters as well as to infested crops. 


In heavily infested fields of sweet clover, alfalfa or flax, dusting with an 
arsenical has afforded excellent control in a few instances in Alberta, 
but it is doubtful if this method would at present be practical in con- 
nection with the present type of farming. Poisoned bran bait has been 
used with success under some conditions (Fletcher '06). The control 
on cabbage has been found particularly difficult. Pyrethrum dust has 
not been found effective against the larger worms, although easily de- 
stroying the larvae of Pieris which were more exposed. Furthermore, 
the use of an arsenical dust in two or three applications, beginning fairly 
early in the period of cabbage growth, was not effective in at least one 
instance, doubtless due to the habits of entry of Barathra larvae. 


SumMaRY. The bertha armyworm (Barathra configurata Wlk.), here 
discussed for the first time in the economic literature, has come into 
increasing prominence in Saskatchewan during the past several years, 
culminating up to the present in the widespread outbreak of 1927, 
which affected a large part of the Prairie Provinces. The known facts 
suggest the economic occurrence of this native pest during a longer 
period and over a wider territory than is generally known. Its evident 
potentialities, as well as present importance, are such that consider- 
able watchfulness is justified. 


A wide variety of crop-plants and weeds, chiefly broad-leaved, are 
attacked, commercial damage being recorded to flax, sweet clover, 
alfalfa, cabbage, sugar beets and corn. The larvae, which are active 
from midsummer to early fall, feed for the most part on the flowering 
and fruiting bodies, in infestations running as high as a million per acre. 
There is but one generation per year, hibernating in the early pupal 
stage, which is strongly dormant, and difficult to rear. The mature 
caterpillars show great variability, both in appearance and habits, so 
that they have frequently been confused with several other Noctuids. 
Characters are given which will permit accurate identification without 
rearing to adults. 
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Natural control factors, particularly winter mortality, cause a marked 
sporadicity of outbreaks, both as to time and place. This condition 
lessens the immediate importance, but makes it much more difficult to 
undertake adequate control measures until methods of accurate local 
forecasting are devised. 
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Mr. ArtHuR Gipson: It would have been interesting if Mr. King 
had brought with him a picture of the lady who suggested this name. 


First VicE-PRESIDENT W. P. FLint: The next paper is by the same 


author. 
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ECONOMIC IMPORTANCE OF WIREWORMS AND FALSE 
WIREWORMS IN SASKATCHEWAN ' 


By KENNETH M. KING, Entomological Laboratory, Saskatoon, Sask. 


SUMMARY? 


The purpose of this paper is to present a detailed appraisal of the 
present situation in Saskatchewan of damage by wireworms and false 
wireworms in general, the future potentialities insofar as they can be 
gauged and the status of the several species involved, without dis- 
cussion of remedies. It is a preliminary report, although based upon 
more than five years’ work, much of which was of a quantitative 
nature. 

Heavy infestations occur fairly generally throughout the western 
two-thirds of the province and in occasional fields in the eastern districts. 
The resulting crop losses in 1926 were estimated at three and one-half 
million dollars, largely on the basis of returns from the extensive crop 
reporting service of the Statistics Branch, Saskatchewan Department 
of Agriculture. This figure is believed to be near the mean annual loss 
in recent years. In 1927 in one 200 acre field, representative of heavy 
damage, the net loss was about four thousand dollars, eighty acres of 
wheat being completely ruined. In another field the yield was reduced 
about 50 per cent in 1925, but so evenly that the farmer scarcely sus- 
pected the extent of his losses. These instances are more or less typical 
of the conditions in many fields each year. 

The distinctive features of the problem are, (1) occurrence of the most 
severe damage by wireworms, almost invariably, to the first crop follow- 
ing the summerfallow year in an infested field; and (2) the association 
of the heavier wireworm infestations, on the whole, with fields which for 
many years have been under continuous cultivation in small-grain 
rotations which do not include grass. 

In view of the latter feature, a steady increase in importance of the 
problem would naturally be anticipated since many districts are of 
comparatively recent settlement and a large acreage of virgin land is 
coming under cultivation each vear. This increase is amply substan- 
tiated by the known facts, particularly the discovery yearly both of new 
fields and new districts in which the wireworm infestation is just reach- 
ing the stage of ‘‘commercial’’ injury to field crops. 


‘Contribution from the Division of Field Crop and Garden Insects, Entomological 
Rranch, Detp. of Agriculture for Canada. 
*It is expected that the full paper will appear in Scientific Agriculture. 
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More than a dozen species are involved in the fields which have been 
investigated. The prairie grain wireworm (Ludius aereipennts tinctus 
Lec.), which is outstanding at present, also appears to have the greatest 
potentialities for the future; it occurs independent of grass, although 
frequently abundant both in native sod of some types and in seeded 
pastures. Cryptohypnus nocturnus (Esch.) which ranks second in im- 
portance, is typically associated with soddy fields. Other wireworm 
species of outstanding importance in one or more of the fields examined 
are Limonius pectoralis Lec., Ludtus virens (Schr.), Aeolus dorsalis (Say), 
and two undetermined species of Agriotini. Larvae of Ludius lamonti- 
formts (Horn), Hypnotdus dubius (Horn), and Ludius near resplendens? 
are found in small numbers in cultivated fields. 

False wireworms are of relatively minor importance as yet and the 
five species recorded in Saskatchewan occur only in the more arid part of 
the Province. Eleodes extricata convexicollis Blais. has been an im- 
portant species in a few fields, while E. tricostata (Say) has done a little 
damage in gardens. Adults of E. hispilabris (Say) are commonly met 
with, but crop injury by this species has not been authentically recorded. 


First Vice-PrEsIDENT W.P. Fiint: The next paper is by Messrs. 
Smith, Fisher and Guyton. 


HOT WATER IMMERSION FOR BOXWOOD LEAF 
MINER CONTROL 


By FLoyp F. Situ, H. J. FisHer, and T. L. Guyton, 
Penna. Bureau of Plant Industry, Harrisburg, Pa. 


ABSTRACT 

During the season of 1927, the possibility of leaf miner (Monarthropalpus buxt) 
control by means of immersion in hot water was investigated. Spring treatments 
at exposures fatal to the larvae injured the buds but the plants recovered fully by 
mid-summer, due to adventitious growths. Later treatments after the spring growths 
had hardened gave satisfactory kill of the larvae without injury to the plants. 
With a lowering of the temperature of the water the period of immersion must be 
lengthened. The increasing susceptibility of the larvae as they increased in size 
with the advance of the season was very marked. 

The boxwood leaf miner (Monarthropalpus buxt Lab.) was first re- 
corded in this country by Felt'in 1910. Since that time various methods 
of control have been tried. Probably spraying with nicotine and mo- 





‘Journal of Economic Entomology, Vol. 3, pp. 340-342. 1910. 
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lasses at the time of adult emergence? is the method most used. This 
spray to be effective must be timely and under average conditions does 
not give satisfactory control. In an attempt to find some method of 
control more practical for nursery conditions the following described 
treatment with hot water was given a trial during the growing season and 
fall of 1927. This treatment fits in well with the general nursery practice 
of transplanting growing plants in August and September; or for treat- 
ing plants about to be shipped to a customer. 

During the spring preliminary tests with hot water immersion were 
made with infested branches of box to determine the effect on the larvae, 
and with small potted plants for the effect on the host. From these 
tests it was concluded that injury to the developing buds and tender 
new growth was incurred at temperatures fatal to the larvae. How- 
ever, by mid-summer the treated plants had completely concealed 
the injury by new growths from adventitious buds. In late June, 
infested potted plants from out of doors immersed in water at 120° F. 
for from five to ten minutes were uninjured and the young larvae and 
eggs were killed. 

A nursery, growing a large amount of boxwood, placed at our dis- 
posal a block of 18 inch plants of Buxus sempervirens for use in tests. 
The equipment for immersing the plants consisted of one galvanized 
tank 24” in diameter and 30” deep, placed within another tank 30” in 
diameter and 36” deep, the space between being insulated with pul- 
verized asbestos. The temperature was maintained during the period of 
treating by steam run into the tank. When electricity was available, 
agitation of the water was effected with an agitator made by attaching to 
an electric fan motor, a shaft, to which was soldered a six-bladed pro- 
peller cut from a piece of heavy tin. When electricity was not available 
the water was kept in motion by stirring with a paddle. In the tests the 
temperature was read at one minute intervals and did not exceed 
the readings indicated. At no time did it drop more than '4°F. 

Each plant was dug from the nursery row with a good ball of earth 
about the roots. A piece of burlap was wrapped about the soil ball, 
the plant was inverted, and the top immersed in the water to the soil 
surface. After treating and removing the burlap, the plant was reset 
in the row, and those treated before mid-September were shaded* 
with branches for about two weeks to give protection from the direct 
rays of the sun. 

*C. C. Hamilton. Bulletin No. 272, Maryland Agr. Exp. Sta., Feb. 1925. 

‘Shading of all evergreen plants is recommended by nurserymen after transplanting 
in August or September. 
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TEMPERATURES USED AND RaTE oF KILL oF LarvAE. Several 
plants were treated to the temperature and exposure given in Table 1. 
The results of the kill of the larvae and injury to the plants are also found 
in the table. 


TABLE 1. RESULTS OF FIELD Tests with Hot WATER IMMERSION AS A 
LARVICIDE FOR M. buxi 


No. Temp. Exposure Date Date Larvae Larvae Plant Injury, Final 
Plants Water in Treated Examined Dead Alive Examination 12/5/27 
F. Minutes 

l 1i6 3 7/18 10/27 23 165 None 

l 116 5 7/18 9/9 10 104 None 

l 116 7 10/14 10/24 87 1 Trace bleaching 

1 116 10 7/18 10/24 21 117 None 

1 116 10 10/14 10/24 193 0 Trace bleaching 

1 116 15 10/14 10/24 120 0 Trace bleaching 

1 118 5 7/18 9/9 Ss 119 None 

1 118 7 10/14 10/24 164 0 Trace bleaching 

l Lis 10 7/18 9/9 32 SO None 

l 118 10 9/21 10/3 101 0 Moderate bleaching 
1 118 10 10/14 10/24 190 0 Trace bleaching 

l 118 15 9/21 10/3 124 QO Moderate yellowing 
l 118 15 10/14 10/24 174 0 Moderate bleaching 
l 120 5 7/18 9/9 §2 60 None 

2 120 5 8/13 10/27 136 37 ~=—«- Trace bleaching 

3 120 5 9/21 10/3 361 2 = Trace bleaching 

6 120 5 10/14 10/24 528 Q Trace bleaching on 

south sides 

3 120 7 9/9 9/21 412 0 None 

3 120 7 9/21 10/3 337 0 Trace bleaching 

3 120 7 10/14 10/27 368 0 Trace bleaching 

l 120 10 7/18 10/27 390 2 None 

2 120 10 8/13 10/24 820 Q Trace bleaching 

Ss 120 10 9/9 12/5 400 0 Trace bleaching 

3 120 10 9/21 12/5 114 Q Slight bleaching 

2 120 15 8/13 10/27 410 0 Slight yellowing 

2 121 2 9/9 12/5 343 0 Trace bleaching 

I 121 3 9/9 10/3 124 17 Trace bleaching 

3 121 3 9/21 10/3 136 0 Trace bleaching 

3 121 3 10/14 10/24 333 0 Trace bleaching 

2 121 5 9/21 10/3 123 0 Trace bleaching 

6 121 5 10/14 10/24 311 QO Trace bleaching 

3 121 7 10/14 10/24 285 0 Slight bleaching 

9 122 3 9/9 10/11 173 42 None 

6 122 3 9/21 10/11 440 0 Trace bleaching 

6 122 3 10/14 10/24 503 0 Trace bleaching 

l 122 i) 7/18 9/9 140 10 None 
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TABLE 1. CONTINUED. 


No. Temp. Exposure Date Date Larvae Larvae Plant Injury, Final 
Plants Water in Treated Examined Dead Alive Examination 12/5/27 
°F. Minutes 
3 122 5 8/13 10/27 955 0 None 
8 122 5 9/9 10/11 576 2 Trace bleaching 
3 122 5 9/21 12/5 476 QO Moderate bleaching 
5 122 5 10/14 10/24 562 0 Slight bleaching 
l 122 10 8/13 10/27 176 0 = Slight bleaching 
2 122 10 9/9 10/27 381 0 Slight bleaching,trace 
vellowing 
1 124 3 8/13 10/24 113 0 Slight bleaching 
3 124 3 9/9 10/11 262 0 Trace bleaching 
2 124 3 9/21 12/5 154 0 Slight yellowing 
6 124 3 10/14 10/24 346 0 Trace bleaching 
1 124 5 8/13 10/27 150 0 Slight yellowing 
3 124 5 9/9 10/27 239 0 Slight yellowing 
3 124 5 10/14 10/24 301 0 Moderate bleaching 
1 124 7 10/14 10/24 116 Q Moderate yellowing 
1 124 10 10/14 10/24 114 QO Severe injury, tips 
killed 
1 124 15 10/14 10/24 81 Q Severe injury, tips 
killed 
l 126 3 8/13 10/24 156 0 Moderate yellowing, 
tips killed 
1 126 5 8/13 10/24 194 Q Badly yellowed, tips 
killed 


EFFECT OF TREATMENT ON PLANTS. Because of the abnormally 
warm weather during the late fall months, many of the buds, which 
usually remain dormant until the following spring, developed young 
growths. The plants treated in October had this tender growth killed at 
all temperatures. This was in accord with the observations made in the 
spring tests. 

Direct tissue injury to the mature foliage is evidently manifested by a 
gradual yellowing of the foliage and this color may be confined to the 
edge or include the whole leaf. The intensity of yellowing increases 
with the exposure and temperature. In the cases of slight or moderate 
yellowing, the buds and twigs are not injured. 

The hot water treatment probably slightly dissolves the waxy cover- 
ing of the foliage and may account for a bleaching of the leaves, es- 
pecially at their tips, which may become evident in two to four weeks 
after treatment. The bleaching is confined to the south and west sides 
of the plants and was greatly reduced by shading with leafy branches. 
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The twigs and buds are unaffected by this type of injury. The bleaching 
is distinct from the yellowing just described. 

The plants treated before mid-September developed new growths a 
little more extensively than the checks. The combination of the warm 
fall weather and the effects of the treatment seemed to encourage the 
breaking of dormancy. These new growths will probably winter-kill. 
Some undisturbed plants in the same block with the treated ones de- 
veloped fully as much late growth. 

Errect OF TREATMENT ON Larvae. All larvae of the leaf miner 
remain motionless for some time after treatment, but those which later 
die and decompose take on a less shining and more pallid or milky color 
within a day or two. The body remains turgid and decomposition 
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Fig. 2i—Graph showing increased effectiveness of same treatment against 
M. buxi larvae with advance of season. 
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does not set in, usually, until after ten days. The tip of the abdomen 
first takes on a brown color and this color progresses forward to include 
the whole body, the latter then begins to shrink and in two to three weeks 
appears as a bit of thread inthe mine. The larvae which recover become 
active after two to four days but at this time it is difficult, even witha 
glass, to determine accurately the motionless living ones from those 
which later decompose. 

The increased susceptibility of the larvae to certain exposures, as the 
season advances, is very marked, as is shown by graph 1. The greatest 
increase seems to take place in early September and the following is 
offered as a possible explanation. Until early September we find the 
larvae increasing very little in size and the mines have not been greatly 
enlarged. Then larval feeding and growth become rapid and the leaf 
tissue is eaten away to near the lower epidermis. Heat penetration 
may then be more rapid and the larvae being in a state of higher meta- 
bolic processes due to increased activity in feeding and growth may be 
more readily killed. The larvae were in the first instar during the 
July treatments, probably in the second instar during the August and 
early September treatments, and in the third instar in the later 
treatments. 

Comparative tests on the thicker leaved varieties of Buxus semper- 
virens such as var. rotundifolia or of Buxus japon’ca and its varieties 
were not made. 

Oyster shell scale (Lepidosaphes ulmi) and a soft scale: (Lecanium 
cornt) were observed on some of the plants and the immersion at 120° F. 
for five minutes killed all that were examined. 


CONCLUSION 


As the season advances from mid-summer the larvae become more 
susceptible to hot water treatment. 

Satisfactory control was obtained on Buxus sempervirens at 120° F. at 
the following exposures: during July and August, 10 minutes; early 
September, 7 minutes; last half of September and October, 5 minutes. 
Other temperatures at corresponding exposures may be substituted as 
indicated by the table of treatments. 

Treatment in the spring injured the young tips at exposures fatal 
to the larvae, but lateral growths developing later concealed the injury 
by mid-summer. 

Injury of the foliage by sun bleaching will usually follow the treat- 
ment to some extent but may be largely prevented by shading. 
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This form of treatment need not require more expensive equipment 
than is warranted by the value of the plants and fits in well with the 
regular nursery practices. This treatment is not intended for plants in 
permanent plantings. 


Mr. C. L. Metcatr: I would like to ask why it is that these insects 
are more susceptible late in the season. 


Mr. T. L. Guyton: We have not been able to determine that point 
unless it was that the leaves were not so well protected the last part 
of the season. That is the only reason we can figure out. 


First VicE-PRESIDENT W. P. Fuiint: The next paper is by S. A. 
Graham. 


THE INFLUENCE OF SMALL MAMMALS AND OTHER FACTORS 
UPON THE LARCH SAWFLY SURVIVAL 


By S. A. GranaM, School of Forestry and Conservation, University of Michigan, 
Agent, Bureau of Entomology, U. S. Department of Agriculture 


ABSTRACT 
This paper presents the results of a series of quantitative studies and experiments 
concerning the factors that influence mortality of the larch sawfly, Lygaeonematus 
erichsonii, in the cocoon stage. Facts are presented to show that the physical 
conditions that exist in the sphagnum moss in tamarack swamps are much more 
favorable for hibernation of the sawflies than are the conditions that are to be found 


under tamarack on high ground. 
Of the biotic factors that operate to reduce the numbers of the sawfly in the 


cocoon stage small mammals, particularly mice, play a much more important réle 
than do the insect parasites and fungus diseases. 


During the last twenty years over 60 per cent of the tamarack in the 
Lake States over three inches in diameter breast high, has been killed. 
Throughout the swamp areas of this region the bare trunks of the dead 
trees still stand, to testify to the destruction of an amount of timber 
almost too great to conceive. It is possible to travel for miles through 
swamps once covered by magnificent tamarack forests without seeing a 
single living merchantable tree. 

The cause of this great catastrophe was the larch sawfly, Lygaeone- 
matus erichsonit. In spite of our long acquaintance with this insect 
both in Europe and in America we are still practically helpless when 
called upon to suggest means that are economically feasible for its 


control in our swamp forests. 
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Now that the outbreak has passed, the young tamarack that survived 
is growing and reproducing well, and is rapidly replacing the forest 
that was killed. Little thought was given to the destruction of the old 
tamarack for, at that time, this tree had comparatively little com- 
mercial value. Today, however, a very different condition exists. 
This species now has a very real value and if it were not for the larch 
sawfly menace it would doubtless play a leading réle as a timber tree of 
the swamp forest. 

Unfortunately, as the tamarack increases in size and abundance the 
sawfly likewise is making itself more or less conspicuous. During the past 
five or six years this insect has been rather numerous and in some 
swamps severe defoliation has occurred. In other areas the insect is not 
sufficiently abundant to be conspicuous. During the past three seasons, 
however, not a single swamp has been examined without disclosing more 
or less injury caused by this pest. 

This condition has caused much apprehension on the part of those 
interested in swamp forests. Another outbreak such as the one that 
occurred a decade or more ago would now have serious economic conse- 
quences, and unless we are able to develop means of regulating the 
abundance of the sawfly another such great outbreak seems unavoid- 
able. 

The control of an insect such as this is a difficult matter, especially in 
view of the fact that the prospective value of a tamarack forest is 
usually not sufficient to justify the application of direct means of control. 
It seems certain that if the larch sawfly is to be economically controlled, 
this must be accomplished by the use of indirect or preventive methods. 
If we knew all the factors involved in bringing about an outbreak of this 
insect and if we could know all that there is to know about the environ- 
mental resistance that tends to hold the insect in check we might find 
this problem much less baffling than it now is. 

Leading toward the discovery of some of these important facts quan- 
titative studies of the larch sawfly and its enemies were undertaken by 
the author during his connection with the Minnesota State Experiment 
Station, and are being continued at the University of Michigan.! 

Some especially interesting and valuable results have already come 
from studies of the larch sawfly during the cocoon stage and it has been 
demonstrated that among other factors during this period small mam- 


1The data on which this paper is based are the joint products of the University 
of Minnesota, the University of Michigan, the Bureau of Entomology and the Lake 
States Forest Experiment Station. 
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mals such as mice and shrews play an important réle. The effect of 
these and other limiting factors will be discussed in this paper. 

Any year if all the larvae of the sawfly that reach full development 
and spin cocoons should emerge as adults there would be a very severe 
outbreak of the insect during the following season. But this has not 
happened in recent years. Fortunately only a very small proportion 
of the larvae that become full-grown ever reach the adult stage. 

Many fail to survive the physical conditions of the environment with 
which they come into contact during hibernation. Only when the co- 
coons are so located that they are protected from drying and from 
sudden changes of temperature do the insects within them survive. 

Hibernation experiments have been conducted that demonstrate this 
point rather conclusively. These experiments were carried on in the 
following manner. Sawfly larvae were collected and reared to maturity 
in trays and were permitted to spin cocoons. The cocoons were then 
placed in cages under a variety of conditions. 

Some of the cages were placed in a swamp while others were placed 
beneath a stand of young tamarack on high ground. In the swamp one 
set of cocoons was placed on top of the sphagnum moss that covered 
the surface of the ground while another set was buried under 2 inches of 
moss. On high ground one set was placed on the surface, one set under 
the natural litter of tamarack needles, and a third set was buried, in 
the first series of experiments, beneath 1% inch and, in the second ex- 
periment, under 1% inches of sand covered with tamarack needles. 

Table 1 summarizes the results of these experiments. It will be 
observed that the most favorable of the conditions tested for the hiber- 
nation of the sawfly is to be found in the swamp buried in the moss. On 
high ground a considerable number of cocoons buried 1% inches in sand 
produced a fair percentage of adults. Lest this may be misinterpreted it 
should be mentioned that the larvae seldom penetrate into the mineral 
soil when seeking a place to spin their cocoons, therefore the cocoons are 
seldom found naturally in this comparatively favorable situation. The 
cocoons as a rule rest just beneath the litter on the surface of the mineral 
soil. In such a place, the sawflies find much less favorable conditions for 
hibernation than if they were buried in moss. Perhaps the difficulty of 
finding suitable quarters for hibernation may account for the fact 
that the sawfly appears to be much less dangerous on the high land than 


in the swamp. 
Another fact that should be mentioned here was brought out inci- 
dentally in the course of the hibernation experiments. It is interesting 
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to note that in each case at the end of the two year period of these 
experiments a small percentage of the insect was still alive in the pre- 
pupal stage within the cocoons. This indicates that the larvae some- 
times hold over in the prepupal stage for a longer period than has pre- 
viously been supposed. 

From these experiments it is evident that in the swamp where con- 
ditions for hibernation are favorable, a large proportion of the hiber- 
nating larvae will pupate and emerge as adults if they were not pre- 
vented from doing so by factors other than those of the physical environ- 
ment. It is here that parasitic and predaceous organisms play an im- 
portant part. It is obvious that if a large part of the hibernating saw- 
flies were not destroyed by their enemies the insect would soon build 
up to epidemic numbers. During the past four seasons, judging by 
the proportion of new shoots showing oviposition injury, the number of 
adults emerging in'the spring has remained approximately the same. 
The average percentage of tips injured by sawfly oviposition in and 
around Itasca Park Minnesota during that period has been about as 
follows :—1924—8.9% 1925—8.1%, 1926—10.1%, 1927—6.9%. 

There is therefore no evidence that there was, during that period, 
any appreciable increase in sawfly abundance in that region. Similar 
conditions have apparently prevailed in the swamps about Ann Arbor, 
Michigan. The sawfly has been present each year in considerable 
numbers but it has not been able to make any marked gain in abund- 
ance. 

In order to obtain information concerning the various factors that 
tend to reduce the numbers of this insect during the cocoon period an 
intensive study was made of a swamp area near Ann Arbor, Michigan. 
These data were collected by the author’s class in forest entomology. 
Table 2 illustrates the effect of insect parasites, entomophagous fungi, 
and mice in reducing the numbers of the larch sawfly. 

These data were collected on a series of six 1/10 acre sample plots 
placed at regular intervals. On each plot a series of ten small plots, 1 
square foot in area, were laid out along a diagonal of the larger plot. 
The moss on each of the small plots was carefully dug up and examined 
for cocoons. All the open cocoons found were sorted into four groups as 
indicated in Table 2. It is interesting to observe that in this swamp the 
parasitic insects and entomophagous fungi as compared with mice are 
comparatively unimportant in destroying the prepupae of the sawfly. 
The term mouse is used here in the broad sense. In this swamp an 
average of less than 10 per cent was killed by the first two agencies com- 
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bined whereas an average of 57 per cent of the cocoons had been opened 
by mice. Cocoons opened by mice can easily be distinguished from 
normally opened cocoons by the marks of the incisor teeth around 
the edges of the openings. 

On the basis of random collections in and about Itasca Park, Minne- 
sota, it was found that a similar condition existed there. Parasites and 
fungus diseases were even less important than in the swamp studied 
above, amounting to only 5 per cent or less, whereas the proportion of 
the cocoons that had been opened by rodenis varied between 79 and 95 
per cent. Hewitt? reports that during 1907 and 1908 a field vole or 
meadow mouse, Microtus agrestis, was an important factor in destroying 
hibernating larvae of the larch sawfly in the Lake District of England. 
He also reports the white-footed mouse as responsible for similar work 
in America, but he apparently did not make any personal observation 
on the work of these rodents in America. He assumes that in the in- 
stances to which he refers the sawfly provided a rather unusual type of 
food for these phytophagous animals and infers that only when the 
sawfly becomes extremely abundant do the mice feed upon them. Our 
observations, however, lead us to conclude that mice are much more 
omnivorous than is usually considered to be the case and that insects 
normally comprise a considerable part of their diet at certain seasons 
of the year. 

In an attempt to determine what rodents were feeding upon the saw- 
fly larvae, traps were baited with fresh cocoons. At first the cocoons 
were placed loosely upon the pan of the traps. In a large number of 
instances the bait was removed and eaten without springing the trap. 
Therefore the cocoons were fastened firmly to the pan after which a 
large percentage of catches was made. During a short period of trapping 
10 mice were captured. They were all voles or meadow mice belonging 
to the genus Microtus and apparently all belonged to the same species. 

In addition to the mice 6 shrews were also captured in the traps 
baited with fresh cocoons. An examination of the stomachs seemed to 
indicate however that these animals were feeding, if at all, only inci- 
dentally upon the sawfly prepupae, as their stomachs were filled with 
legs and wings of beetles and ants but none of the hard parts of the saw- 
fly larvae could be found. The stomachs of the mice, on the other hand 
contained a very large proportion of insect fat, presumably from the 
sawfly prepupae. 


*Hewitt, C. Gordon. The Large Larch Sawfly, Bul. 10 Dom. Can. Dept. Agric. 
Ottawa 1912. 
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A mouse in eating a larva first opens a hole through the cocoon. 
Then it cuts through the skin of the larva and extracts the soft tissues 
from within, leaving the skin and hard portions of the exoskeleton. 
Thus the fat body is practically the only structure that is recognizable 
in the stomach. On the basis of stomach examinations we are inclined 
to believe that after the larvae have spun the cocoons the mice are a 
more important factor in the control of the sawfly than are the more 
highly insectivorous shrews. Inasmuch as no actual evaluation of 
the effect of shrew activity has been made further evidence may alter 
this conclusion. 

In collecting the data concerning the effect of parasites and predators 
referred to above it was found impossible because of their durability to 
distinguish between cocoons of different seasons. Therefore these data 
give a cross section of the effect of these factors over a period of several 
years. In order to measure the effect of these agencies for a given season 
it was necessary to develop special methods. The method finally 
adopted measured comparatively the abundance of mice and shrews on 
each area studied in terms of their effect upon a constant number 
of fresh cocoons distributed in a uniform manner over the area. On 
1/10 acre plots ten stations were located on a diagonal. These stations 
were spaced at equal intervals and each was marked by a flagged stake. 
Five fresh cocoons of the larch sawfly were tied in square pieces of cloth 
to form a sort of bag and at each stake one of these sacks of cocoons was 
buried beneath the surface. The string used in tying each sack was long 
enough to tie around the base of the marking stake so that the sacks 
might be found easily. 

Cocoons were placed in this manner on 12 sample plots on August 24, 
1927. On November 4th of the same year a preliminary examination 
was made, the results of which are set forth in Table 3. 

This table shows clearly that the small mammals are in some cases 
very thorough in their search for cocoons. An average of all the plots 
showed a total destruction by November 4th of 55 per cent of the 
cocoons. Doubtless this work will continue throughout the greater part 
of the winter. 

On the different plots there was considerable variation, from 20 to 
78 per cent, in the number of cocoons destroyed. This variation is 
interpreted to indicate that the abundance of the animals concerned 


varied in the same proportion. 
Several facts indicate that this is actually the case. For instance 
on the plots where a variety of plant species in the ground cover makes 
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for stability of food supply for such animals as mice, as is the case on 
plot 2, a very large proportion of the cocoons had been destroyed. 
The mice in this instance could not have been forced, because of the scar- 
‘city of food, to search out the sawfly cocoons because food was obviously 
abundant on the plot, therefore it seems logical to conclude that the 
destruction of the cocoons was the result of the abundance of the rodents 
that one would naturally expect to find in a place where an abundant 
and constant supply of food was available for them. This conclusion is 
further substantiated on plot 8. On this plot the ground cover is prac- 
tically limited to sedges and sphagnum. There was obviously very 
little food for mice on that area and in that case only 20 per cent of the 
cocoons had been destroyed. 

Plot 6 is especially interesting in the same connection. One part 
of the plot lies near the edge of the swamp where the ground cover is 
varied and abundant, and the other part has a ground cover of sphagnum 
and sedges. On this plot none of the cocoons buried in the moss-sedge 
area were disturbed, whereas on the other part of the plot every cocoon 
was gone. From these observations it would appear that the com- 
parative abundance of mice and other small mammals that feed upon 
the hibernating prepupae of the sawfly, may be measured by the effect 
of these animals upon a constant number of fresh cocoons distributed 
over a given area in a uniform manner. 


SUMMARY AND CONCLUSION 


The larch sawfly, Lygaeonematus erichsonit, is one of the very important 
defoliators of the northern swamp forest and during the past twenty 
vears has reached epidemic proportions and killed an amount of tam- 
arack timber almost too great to comprehend. The voung trees that 
survived this outbreak are growing and reproducing well but the sawfly 
is a continual menace to this forest. 

Unless practical control measures can be developed it is almost 
certain that another such outbreak will occur in the future, and will 
then cause a much greater economic loss than the last outbreak because 
of the present increased value of tamarack timber. 

Inasmuch as direct methods are too expensive to use in the control of 


this insect in tamarack forests it is necessary that indirect or preventive 
methods be developed. With this in mind a series of experiments is now 
under way to determine methods of silvicutural management that will 
reduce the danger of sawfly outbreaks, in the future This work is 
being conducted cooperatively by the University of Michigan, the Uni- 
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versity of Minnesota, the Lake States Forest Experiment Station and 
the Bureau of Entomology, United States Department of Agriculture. 

This paper reports preliminary results of a series of experiments to 
determine the effect of certain environmental factors in reducing the 
numbers of the sawfly while in the cocoon stage. 

Hibernation experiments show that the sawfly is best able to pass the 
winter buried in the sphagnum moss so characteristic of the swamp 
forest. Thirty to seventy-six per cent of them winter successfully under 
this condition. On high ground successful hibernation is very difficult. 
This would seem to indicate that on well-drained soil where there is no 
moss ground cover the tamarack might not be severely injured by the 
sawfly. 

Of the biotic factors that tend to reduce the numbers of sawflies 
during the cocoon stage, insect parasites, entomophagous fungi, and 
certain small mammals are important. Of these the small mammals 
are by far the most important. Parasitic insects and fungi kill less than 
10 per cent of the prepupae whereas mice and shrews destroy, on the 
average, from 50 to 80 per cent. Mice appear to be more important 
than shrews in this work. 

The effectiveness of mice in destroying the larch sawfly prepupae 
varies with the natural abundance of these animals. In those swamps or 
parts of swamps where the ground cover is made up of a great variety 
of woody and herbaceous plants, mouse food is abundant, and the mouse 
population is great. The destruction of sawflies is likewise great. On 
the other hand when the ground cover consists primarily of mosses and 
sedges food for mice is comparatively scarce, and as a result the mouse 
population and the destruction of sawflies by them are correspond- 
ingly less. 

The experimental results presented in this paper show that we may 
find some of the most important factors of environmental resistance in 
unexpected places. Before undertaking this work it was certainly not 
anticipated that mice might be found to play such as important rdéle as 
benefactors of the forest. Usually these animals are regarded as pests 
and anything that will reduce their numbers is welcomed. From the 
evidence presented here, however, it is evident that if any catastrophe 
should overtake the mouse population in our tamarack forests a serious 
outbreak of the larch sawfly would almost certainly result. 





First VicE-PRESIDENT W. P. Fiint: The next paper is by A. F. 
Burgess. 
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Instead of reading his paper, the author showed a motion picture of 
the progress made in the gipsy moth infested area in New England and 
New Jersey. 

First Vice-PresipENT W. P. Fiint: The next paper is by J. 5. 


Houser. 


THE EUROPEAN RED MITE, PARATETRANYCHUS PILOSUS 
By fF S. HousER 


ABSTRACT 
Early season development of red mite is reported as profuse on lime sulfur sprayed 
plots and meager on oil sprayed plots. By the end of the season the conditions 
were reversed, having been brought about in large measure through the biological 
control effected by the lady beetle, Stethorus punctum Lec. 


It is generally conceded that dormant applications of lime sulfur 
cannot be depended upon to destroy the overwintering eggs of the 
European red mite while the reverse may be expected of dormant 
strength oil emulsions and miscible oils. Indeed it has now become an es- 
tablished practice among entomologists to recommend oils where or- 
chards are known to be heavily infested. 

During the course of the several years the writer has conducted spray- 
ing tests against this pest, early season observations made after the 
mites began to hatch invariably have yielded the record that mites were 
plentiful on the foliage of the check and lime-sulfur plots while they 
were either absent or very scarce in the oil sprayed plots. The past two 
years, however, observations taken in early fall have indicated that an 
absolute reversal of the situation had occurred sometime during the 
summer. In other words, in the fall the lime sulfur plots were prac- 
tically free from overwintering eggs while the oil sprayed plots were 
heavily infested. 

The biological successions involved in effecting this reversal were so 
plainly evident in one orchard in 1926 that the story was as plain as 
the printed page. <A block consisting of ten rows of plums in an orchard 
near Toledo was sprayed in the spring of 1926 with lime sulfur and oil; 
two rows on the east having received lime sulfur and the remainder oil. 
Early in the summer the infestation was so severe on the lime sulfur 
sprayed trees that the foliage turned gray and as the season progressed 
much of it dropped. The yield of plums was much reduced by dropping 
and by reason of decreased size. Conversely the oil sprayed block 


at the outset was in good condition with few mites present, but as the 
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season progressed the infestation spread westward, with the rows nearest 
the lime sulfur sprayed block most heavily involved. 

By the end of the season few mites or overwintering eggs were to be 
found on the lime sulfur sprayed trees, with the infestation of both 
gradually increasing in intensity as one progressed westward through 
the oil sprayed block until a point was reached a little beyond the center 
when the numbers again decreased. The condition was puzzling until it 
was observed that in the area where the mites were most plentiful there 
were present great numbers of the lady beetle, Stethorus punctum Lec., 
feeding upon both eggs and mites. Evidently this predator had been 
attracted to the infestation of the lime sulfur block and after cleaning it 
up had followed the mite scourge westward but had been unable to keep 
pace with it, hence the mites outstripping their pursuers had been able 
to deposit great numbers of overwintering eggs. The most westerly 
rows in the oil sprayed block had on them fewer eggs simply because 
the mite scourge had not progressed that far. 

An incident somewhat similar to the above was observed this past 
season at Chardon, Ohio, where an extensive block of apple sprayed with 
oil was at the close of the season heavily infested with European red 
mite eggs while a similar block sprayed with lime sulfur in the spring and 
heavily infested during the summer was comparatively free from eggs. 

Experiences such as the foregoing might lead one to speculate, as did 
Dr. C. L. Marlatt in his famous presidential address on The Laisser- 
Faire Philosophy applied to the insect problem delivered nearly thirty 
years ago before this Association. That Marlatt’s “let alone’”’ policy 
might be best in red spider control, should we measure the success of 
the oil treatment by the comparative numbers of overwintering eggs at 
the end of the season between that and lime sulfur which we admit is a 
poor remedy. Due to the fact that oil sprays seem to badly disturb 
the natural balance existing between the red spider and _ biological 
control, might it not be better to let nature take its course in such a 
case’ Theoretically, a natural balance might soon result. 

However, due to the fact that biological agencies are more or less 
uncertain and applications of oil are so positive in their effects when 
measured by the standard of fruit produced rather than that of numbers 
of overwintering eggs at the end of the season, there seems little doubt 
but that the practical thing to do is to recommend oil applications in 
the spring when red mite eggs are abundant. 





First VicE-PRESIDENT W. P. Fiint: The next paper is by J. G. 
Sanders. 





























April, '28] SANDERS: EUROPEAN RED MITE 313 


OBSERVATIONS ON EUROPEAN RED MITE (PARATE- 
TRANYCHUS PILOSUS C. & F.) 


By J. G. SANDERS 
ABSTRACT 


Orchard spraying practices are being revolutionized by another introduced pest 
wherever it is well established and favorable conditions for its rapid propagation 
exist. The European red mite, Paratetranychus pilosus C. & F., year by year is 
becoming a decided factor in the alteration of standard spray practices in apple, 
peach, plum, prune and cherry orchards. 


During the years 1918 to 1920 this relatively new pest attracted the 
attention of growers in several localities in the eastern states and in 
eastern Canada. Attention was drawn to the peculiar bronzy appear- 
ance of badly infested apple foliage which, in the growers’ lack of 
knowledge of the pest and its type of injury, was frequently ascribed to 
lack of fertility. Even at this date relatively little information on this 
pest has been disseminated by our experiment stations and horticultural 
papers although considerable injury and consequent heavy loss of fruit 
crops have occurred in several regions. 

The growing mites attack the foliage of our common fruits and inter- 
fere with the normal functions apparently by extracting the chlorophyll 
and perhaps by a vague poisoning of the tissues. 

During the past four years the writer has had an excellent oppor- 
tunity to observe this pest in many localities in the eastern United 
States and Canada. It is interesting to note that in regions which are 
quite generally infested there will be found occasional isolated orchards 
composed of old trees only in which no red mite will be found. If re- 
plants have been made recently in these old orchards, the red mite will 
usually be found. Likewise, most of the younger orchards are infested 
with this pest, indicating that it is being widely distributed in recent 
years by means of nursery stock. 

In some sections and on certain varieties, such as Baldwin, Gilli- 
flower and McIntosh which are very susceptible, the damage to foliage 
by the red mite exceeds that caused in ordinary seasons by scab and 
“frog eye.’’ It seems desirable to call the attention of entomologists 
and horticulturists generally to the exceptional amount of injury which 
can result from a serious infestation of red mite in order that the im- 
portance of the pest may be brought to the attention of the growers and 
losses checked. 

There is plenty of evidence to prove that sulfur compounds, as 
ordinarily applied in dormant or delayed dormant sprays, will not kill a 
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sufficient number of the overwintering eggs to warrant any reasonable 
control throughout the season, although several experiment stations have 
stated that lime-sulfur is an effective control. The red mite hasbeen 
observed on many occasions to multiply more rapidly during the summer 
in dusted orchards than in those which are regularly sprayed with lime- 
sulfur solution. 

It is a well established fact in several of the infested fruit growing 
regions that petroleum sprays are far more effective than sulfur com- 
pounds and therefore they are being rapidly adopted and applied every 
year in the delayed dormant period or slightly later, if safe. The 2 
per cent lubricating oil emulsions have not appeared to give sufficiently 
high kill to warrant their use in view of the rapidity with which the mites 
develop in recurring generations in the summer from the 10 to 12 per 
cent of eggs apparently unaffected by the emulsions. Again it appears 
that the heavier miscible oils are more effective than the lighter fractions 
in killing red mite eggs. 

As shown by the careful tests of Garman in Connecticut and Bourne 
in Massachusetts, a higher percentage of egg kill can be obtained with 
the same petroleum sprays the longer application can be delayed in 
the spring. Therefore, those petroleum sprays which can be applied 
safely as the apple buds are opening or during the few succeeding days of 
development will give the more effective control. 

In the New England states it has been found necessary to apply 
petroleum sprays each spring very thoroughly to insure a reasonable 
protection throughout the summer and even with what appears to be a 
thorough egg kill, before the summer is passed, under favorable con- 
ditions, a certain amount of reinfestation occurs through the rapid 
development of broods or from transfer and carriage by winds or by 
other natural methods. 

It appears that with the rapid establishment of this introduced pest 
that the ordinary spray schedules must be revised to include an adequate 
control for protection of orchards. 





Mr. W. O. Ho .uister: In the spraying of conifers for red mite, do 
they stand the oil? 

Mr. J. G. SAnpers: Certain of them will. You are dealing with an 
entirely different species on the conifers. But one per cent oil applied 
in summer, that is the heavier oil, properly and thoroughly emulsified is 
usually an effective control. 
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Mr. W. O. Ho.iister: Would you use the dormant oil? 

Mr. J. G. SANDERS: Only for the scale, not for the mite. 

Mr. S. C. CHANDLER: Do you recommend fall spraying and spring 
spraying’ 

Mr. J. G. Sanpers: As I noted in the paper, Professor Garman and 
Professor Bourne have shown that the longer treatment could be de- 
layed in the spring, in the late dormant period, the better the control 
was. With two or three petroleum sprays they raised their percentage 
of kill from about 85 to 99 within six weeks in the spring. 

First VicE-PrRESIDENT W. P. Fiint: The next paper is by S. C. 
Chandler. 


CODLING MOTH HIBERNATION STUDIES' 


By S. C. CHANDLER, Jilinois State Natural History Survey 


ABSTRACT 

Examinations of Codling Moth (Carpocapsa pomonella) larvae hibernating on 
trunks of trees showed 30% of the larvae at or just below the ground line. On the 
ground between the trees eight times as many larvae were found in artificial situa- 
tinos as in natural cover. Pieces of bark were the only type of natural cover in 
which larvae on the ground were found. In preliminary tests with emulsions of fish 
oil soap and of orthodichlorobenzene no penetration of the hibernaculae was effected. 

During periods of severe Codling Moth infestation, such as the season 
of 1926, the practices of banding and of maintaining orchard sanitation 
become of importance, and are often recommended. How much benefit 
can be derived from these practices, however, has been a question in 
the minds of both growers and experimentors. If it could be established 
what proportion of the larvae winter on the trunk’ of the tree, a more 
accurate statement of the importance of fall banding could be made. 
If it could be ascertained what types of cover are preferred by larvae 
hibernating between the trees we would have a clearer notion of what 
sort of cleanup measures to stress. It was with these ideas in mind that 
hibernation studies were undertaken in the winter of 1926-27 in the 
Ozark section of southern Illinois. 


HIBERNATION ON TREES 


After studying the location of the hibernating larvae on the apple 
trees in the orchard for a short time, it became evident that a consider- 
able proportion of them were at or below the ground line. To get data 


1Contribution from Project 9.1, Illinois Natural History Survey. 





tc a AT A ee TR ee 


en ey a 


ey een 


ee es 


a 


ee 


er 


eS tee 














ea mee Msn 





316 JOURNAL OF ECONOMIC ENTOMOLOGY {[Vol. 12 


on this point a number of orchards which had had a heavy infestation 
were examined. None of the trees had been scraped or banded. They 
were gone over thoroughly, starting with the main crotch and including 
it, and working down to an inch below the surface. From one-half to 
three-quarters of an hour was spent on each tree. Records were made of 
the number of larvae found from the crotch to within an inch of the 
ground, and also of those found from that point to an inch below the sur- 
face. The data are summarized in Table 1. 


TABLE 1. HIBERNATION ON TRUNK OF APPLE TREES 


Number of Trees Number Orchards Total Total Grand Q% 
Examined Represented Larvae Up Larvae Down Total Down 
28 10 OF 42 136 30 


The relatively small numbers of larvae found in these heavily infested 
orchards may be explained by the feeding of birds. High mortality 
from birds has been noted by many others who have studied Codling 
Moth hibernation. In the orchards of southern Illinois I found that 
fully 90% of the larvae had been removed by their bird enemies. Were 
it not for the birds the number recorded above as found at or below 
the ground line would have represented a considerably smaller propor- 
tion of the total, as larvae are much safer in such situations. 

To learn whether the numbers found at the bases of trees which had 
been scraped and banded differed materially from the above, forty 
such trees were examined. Twenty-five larvae were found at or below 
the ground line, or 6 worms per tree, as compared with 1.5 in the 
unbanded trees. It was observed that there were fewer larvae at the 
bases of banded trees which had been scraped down to the ground. 
The tendency is to leave at least an inch of rough bark at the base 
untouched. 

HIBERNATION BETWEEN TREES 


To determine the extent of hibernation in the orchard aside from the 
trees themselves, ground strips were examined, 3 feet in width running 
from the base of one tree to the base of another. These strips were 
located in the same heavily infested orchards, and in most cases began 
at the bases of the same trees examined for the above records. For this 
reason it would be fair to compare the numbers recorded as found on 
the trees with those found on the ground. Most of these orchards had 
received little or no cultivation, and there was plenty of natural cover, 
consisting of bluegrass sod, weeds, dead leaves, twigs and bits of dead 
bark. These strips were gone over inch by inch, requiring about an 
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hour for each one. In all 23 of them were examined. The results are 
shown in Table 2. They give some information on the following points: 

1. Extent or HIBERNATION BETWEEN TREES. It will be observed 
that in 13, or over half of the strips no larvae were found. While it is 
true that the strips were only 3 ft. wide, they were located in the tree 
rows, which usually contains more cover than the middles, and as they 
extended up to the trunk of the tree, they usually took in about half 
the rough bark that had sloughed off from the trunk. 

2. HIBERNATION IN NATURAL Cover. The only natural cover 
selected by the larvae was bark, notwithstanding the fact that most of 
the ground cover consisted of other things such as grass and dead leaves. 


TABLE 2. HIBERNATION OF CODLING MotH LARVAE IN GROUND STRIPS 


Strip Larvae Found in Natural Cover Larvae Found in Artificial Cover 
No. 
1 0 0 
2 0 0 
3 0 0 
4 0 4 old pair of pants 
5 1 Bark of dead branch 0 
6 0 0 
7 1 Between 2 pieces of bark on 0 
ground 
Ss 0 0 
9 0 0 
10 0 0 
11 0 0 
12 0 0 
13 0 59 Nitrate sack 
Mouse poison station 
14 0 15 Nitrate sack 
Mouse poison station 
Rotted piece of timber 
15 4 Bark of uncovered part of 13 Mouse poison station 
main root 
16 0 0 
17 0 4 Old rail 
Bark on Prop pole. 
18 0 1 Old piece of board 
19 1 Bark of dead branch 0 
20 0 0 
21 0 0 
22 0 0 
23 5 Piece of bark 2 Piece of basket 


Old shirt 


Total 12 9S 
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3. HIBERNATION IN ARTIFICIAL Cover. It will be observed that 
about the same number of strips contained larvae in natural cover as 
did in artificial cover, but over eight times as many larvae were found 
in the man made hiding places as in the natural cover of the orchard. 
Had all the orchards contained artificial cover a still greater contrast 
would have been presented. As it was, about half the strips contained 
little or none of this type. These data cannot fail to emphasize the 
importance of keeping the orchards clear of all kinds of trash. 


CONTROL EXPERIMENTS 


Preparatory to orchard experiments for the destruction of hibernating 
Codling Moth Larvae, tests were conducted to determine the possi- 
bility of killing larvae in their hibernaculae. Strips of corrugated card- 
board in which hibernating larvae had cocooned were soaked and the 
cardboard removed, leaving only the cocoons for protection. They were 
then subjected to different strengths of boiled fish oil soap emulsion 
and an emulsion of orthodichlorobenzene. They were examined in from 
7 to 12 days in a warm room. Table 3 summarizes these tests. 





TABLE 3. TESTS FOR CONTROL OF HIBERNATING CoDLING Motu LARVAE 


Treatment No. Tests Larvae Examined Larvae Dead 
Fish Oil Soap Emulsion 
2% 1 90 2 
8% 2 200 4 
25% 1 100 2 
O. D. B. Emulsion 
2% 1 45 1 
% l D4 0 
Checks 3 250 2 


These preliminary tests, as may be seen by the table, were so emphati- 
cally negative that no further attempts with these materials were made. 








Mr. J. J. Davis: I should like to say that in Indiana we find the 
cornstalks and bits of wood, other than bark, very important carriers of 
; the codling moth. I would like to ask Mr. Chandler when he made his 
examination of the trunk and also his examinations of the strips. 





‘ 
| Mr. S. C. CHANDLER: These were made in January and February. 
J 


First Vice-PRESIDENT W. P. Fiint: The next paper is by C. H. 
Alden and M. S. Yeomans. 
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CODLING MOTH CONTROL IN GEORGIA APPLE ORCHARDS 
By C. H. ALDEN and M. S. Yeomans, Georgia State Board of Entomology 


ABSTRACT 


Codling moth (Carpocapsa pomonella) control work in Georgia in 1927 consisted 
of (1) Insectary work from which the number of broods and peaks were obtained 
which gave a correlation between insect development and spraying dates so that the 
proper time for the various applications could be given to the grower. (2) Field 
experiments on spraying, dusting, banding and scoring of fruit to obtain the best 
control measures for this section. (3) Insecticidal analyses of fruit sprayed with 
arsenate of lead. (4) Additional control measures used to supplement the regular 
ones were scraping of trunk, general orchard banding by growers, thinning of fruit 
and orchard and packing house sanitation. 


INTRODUCTION 


The codling moth, Carpocapsa pomonella Linn.,is the most serious 
insect infesting Georgia apple orchards and for the past five years has 
caused very serious losses to the growers. In 1926, as high as 75% of the 
apples were wormy at harvest time. In 1927, a very vigorous campaign 
was waged against this insect and by closely following its life history, it 
was possible to improve the spray schedule and other control measures 
so that a marked reduction in the number of infested apples at harvest, 
was obtained as compared to the 1926 season. As low as 2% of the fruit 
was found wormy in the best experimental plat used and general com- 
mercial orchard infestations were way below the previous year. 


INSECTARY WORK 


Overwintering larvae were brought in from the orchards and the dates 
of first pupation and emergence of spring brood moths were obtained 
both in the insectary and by means of field cages in the orchard. These 
dates corresponded very closely so that the peaks of egg deposition in 
the insectary could be used as a guide for the proper times to spray. 

With the exception of the first application, which was to fill the clayx 
cups with poison, in advance of emergence, all applications put on by 
growers were applied at the peaks of egg deposition as determined by 
the insectary records of codling moth development. 

In 1927 there were three broods and a partial fourth. The only pre- 
vious available records made by Van Leeuwen! gave three broods in 
1920 and four in 1921. As the peaks of egg deposition of the various 


1E. R. Van Leeuwen, Bureau of Entomology, U. S. D. A. unpublished record. 
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broods were reached, circular letters were sent out to the growers and 
newspapers in the apple belt, advising them when to spray and what 
touse. The spring brood was very large, as was the first brood, although 
the first brood moths laid more eggs per female than the spring brood. 
The following broods were smaller, many of the third and all ofthe 
fourth brood larvae going into hibernation. A few of the first and 
second brood larvae also went into hibernation. Such information 
must be taken each year for the best control to be obtained from spray- 
ing. If the sprays are put on too early, much of the spray material 
washes off and the apples increase in size so that they do not havea 
proper coverage when the tiny worms hatch; if it is put on too late, 
the worms have entered the apples before the poison is applied, making 
such applications nearly worthless. The sprays must be put on at 
exactly the right time to obtain efficient results. 

Weather records, including both temperature and humidity, were 
taken hourly with a hygrothermograph in conjunction with the life 
history studies made in the insectary. The maximum and minimum 
temperatures and daily rainfall were also recorded with U. S. Weather 
Bureau instruments. As a whole, the weather was favorable toward 
the development of the codling moth, there being a marked deficiency 
of rainfall, a condition that generally means wormy fruit in the Georgia 
apple belt. It was found that the codling moth would not deposit 
eggs when the night temperatures fell below 60 degrees F. and deposited 
sparsely when the day temperatures reached a maximum of 90 degrees 
F. or above. The total amount of rainfall from April to September, 
which was the period of activity of the codling moth, was only 15.19 
inches, which is 9.73 inches below the normal precipitation. The hu- 
midity for the period ranged from a maximum of 96 to a minimum of 21. 
As a whole, the humidity was moderate during the day and high at 
night. 

Fie_p EXPERIMENTS,—SPRAYING AND DUSTING 


The field experiments consisted of spraying, dusting and banding. 
The following new spray materials were used: Scorodite, Magnesium 
arsenate, Tricalcium arsenate, Manganese arsenate, Aluminum ar- 
senate and Zinc arsenate. These were used in the hope that a substitue 
for lead arsenate would be found, as lead arsenate has been objected to 
by the pure food authorities who claim that at times an excessive 
amount of lead arsenate is left on the fruit. All of these materials gave 
poor results in controlling the codling moth as compared with lead 
arsenate and in addition most of them burned the foliage severely. 
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Besides these new chemicals and lead arsenate, dusts, oils and calcium 
arsenate were used. The best fruit was obtained from those plats 
treated with lead arsenate, lime sulphur and Bordeaux mixture. Most 
varieties required six applications of lead arsenate and a fungicide during 
the 1927 season to give good fruit at harvest time. 

The table on the following page gives a summary of the results ob- 
tained in spraying and dusting experiments for 1927. 

This table shows that the plats sprayed with lead arsenate gave the 
best control of the codling moth, having nearly 98% sound fruit at 
harvest. The best dusted plat had about 80% sound fruit and the plat 
sprayed with oil emulsion had over 90% sound fruit. Of the new ar- 
senicals tested, Magnesium arsenate gave the best results, having 
73% sound fruit at harvest. The checks, or untreated trees, had 42% 
sound fruit at harvest and the yield was very small. 

Commercial results were taken from two different orchards where the 
state schedule was followed, with the following results on the codling 
moth, considering stung fruit as sound; 87% sound and 89.2% sound. 
The previous year one of these orchards had nearly all the fruit wormy 
and the other had about 75% wormy at harvest. 

Samples of fruit were taken by the state and federal chemists in the 
north Georgia apple belt during the months of August and September. 
Where the state schedule was followed, the arsenical content per pound 
of fruit was .028 to .035 grains before wiping or brushing; after cleaning 
it ranged from .002 to .010 grains. Where additional applications were 
made, in some cases as high as nine, compared to the six recommended, 
as high as .023 grains per pound of fruit was found which is considerable 
above the International Tolerance Standard of .01 grains per pound of 
fruit. All analyses made were from fruit where arsenate of lead in the 
form of a liquid spray was used. 


FieLp ExPpERIMENTS—BANDING 


Sixteen kinds of banding experiments were run in the experimental 
orchard and of all the types used, a band chemically treated with Beta- 
naphthol and cylinder oil,? seems to give the most promise of success. 
This band consisted of a strip of unbleached sheeting, 4 inches wide and 
of 3 thicknesses. The side that was placed next to the tree was treated 
with Beta-naphthol and refuse cylinder oil in the proportion of 1 pound 


*Chemical Treatment of Bands as a Supplemental Control Measure for the 
Codling Moth by E. H. Seigler Assoc. Ent.; Luther Brown, Asst. Ent.; E. J. Newcomer, 
Assoc. Ent., U.S. Bureau of Ent., from Jour. Ec. Ent., Vol. 20, No. 5, pp. 699-701. 
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of Beta-naphthol to 1 quart of oil and applied with a paint brush. 
Before placing the band in position, the trunk was scraped. A good 
heavy coat of the material was laid on to the sheeting and then wound 
around the trunk about 1 ft. from the ground and fastened with a tack. 

These bands were placed in position May 16th and never retreated 
throughout the season. Sixty-three trees were so treated and a few 
trees were examined from this plat at 10 day intervals. Up to September 
12th, 61 trees were examined with the following results; 1356 larvae and 2 
pupae dead; and 95 larvae and 5 pupae alive. Of those found alive, 
many had just gone under the bands and were killed after a longer 
exposure. 

The actual percentage found dead was 92.5 altho no empty pupal 
cases, indicating moth emergence, were ever found which would indicate 
that the. actual percentage killed was higher than noted. Under un- 
treated burlap bands, examined at the same intervals as the Beta- 
naphthol bands, 106 empty pupal cases were found. 

Cost factors have not been definitely established but for this year the 
Beta-naphthol and oil band cost about 2 cents per tree. Other materials 
and the labor of applying are about the same as putting on an ordinary 
untreated burlap band. The untreated bands must be removed every 10 
days and the larvae and pupae killed by hand. The Beta-naphthol 
band will remain effective for at least 4 months and possibly the whole 
season without further attention altho a second treatment during 
the year would increase the efficiency. The labor cost is way below 
that of the regular bands of burlap, now in use in the apple belt. 

Regular observations were made on the effect of the Beta-naphthol— 
oil bands on the trees and aside from a little discoloration of the outer 
bark layers, no injury was found. It is planned to continue these experi- 
ments over a period of years to determine the cumulative effect, if any. 


ADDITIONAL CONTROL MEASURES 


Other control measures used against the codling moth were scraping 
the tree trunks in the early spring before moth emergence and burning 
the scrapings; general orchard banding by growers; clean cultivation 
and turning under the trash and other hiding places for the codling 
moth larvae throughout the season; thinning of fruit so that a better 
spray coverage could be obtained and cleaning up in and around the 


packing shed. 
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SUMMARY 


There were 3 broods and a partial fourth of the codling moth during 
the 1927 season. 

Six sprays, all containing lead arsenate, were recommended to the 
growers. 

Analyses of fruit showed that the arsenical content of fruit sprayed 
with arsenate of lead in liquid form by the state schedule was within the 
International Tolerance Standard of .01 grain per pound of fruit. 

All spray dates, except the first, which was to fill the calyx cups with 
poison, were recommended from information obtained on the develop- 
ment of the codling moth in the insectary. 

The experimental plats giving the best results at harvest were those 
sprayed with either a pound or 1% pounds of lead arsenate to 50 gallons 
of water with a fungicide added to all sprays for the additional control 
of scab and bitter rot. 

New chemicals tested gave poor results as compared with lead ar- 
senate and caused foliage injury. Magnesium arsenate gave the best 
results in controlling the codling moth, of all the new chemicals used. 

Lead arsenate dusts were inferior to lead arsenate sprays in the control 
of the codling moth. 

The best band for the control of the codling moth was one of un- 
bleached sheeting 4 inches wide and of 3 thicknesses treated with Beta- 
naphthol and oil in the proportion of 1 pound of Beta-naphthol to 1 
quart of oil. 

Other control measures used were scraping, general orchard banding, 
thinning and orchard and packing house sanitation. 

The infestation in commercial orchards was reduced from an average 
of 60% in 1926 to about 12% in 1927. 





First VicE-PRESIDENT W. P. Fiint: The next paper is by W. S. 
Hough. 
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RELATIVE RESISTANCE TO ARSENICAL POISONING OF TWO 
CODLING MOTH STRAINS 


By WALTER S. HouGu, Winchester Research Laboratory of the 


Virginia Agric. Exp. Station 


ABSTRACT 


Codling moth (Carpocapsa pomonella) larvae from the Grand Valley of Colorado 
and the Shenandoah Valley of Virginia were reared at Winchester, Virginia for the 
purpose of comparing their ability to enter sprayed fruit. Lead arsenate was used 
at the rate of four pounds in one hundred gallons of water. The Colorado larvae 
demonstrated a marked superiority over the Virginia larvae in their capacity to 
enter the sprayed apples. The strains were crossed and the first generation of each 
cross was less resistant to arsenical poison than the pure strain of Colorado larvae 
but more resistant than the Virginia larvae. 


Not so many years ago one spray placed in the calyx cups of apples 
was considered sufficient for control of the codling moth. Now the 
number of sprays advised varies widely in different orchard sections. 
This is even true for sections in which the seasonal history of the insect 
is similar, having the same number of generations and apparently 
developing at the same time. 

Differences obtained in control have usually been attributed to the 
effect of climatic factors, to parasites and the number of broods of 
larvae. 

According to published data! the seasonal history of the codling moth 
in the Grand Valley of Colorado and the Shenandoah Valley of Virginia 
is about the same. Even the time of deposition of the different broods 
of eggs appears to be nearly the same. In the former section a min- 
imum of seven and eight sprays is recommended. In Virginia three and 
four sprays give excellent control. 

Source OF MATERIAL. Through the courtesy of Prof. George M. 
List of the Colorado Experiment Station a shipment of codling moth 
larvae was received from Grand Junction, Colorado on April 6. The 
larvae were collected from bands on pear trees by Otto M. Forry, Horti- 
culturist of Mesa County. 

The Virginia larvae passed the winter of 1926-27 in pupation strips 
exposed to outdoor temperatures at the Winchester insectary. The 
larvae were from life history material reared at the insectary and from 
bands ‘in two orchards at Winchester. One of these orchards is on the 
property of the Shenandoah Vinegar Company and each year it re- 


1'U. S. Dept. of Agric. Bulletin 932, Colo. Agric. Exp. Sta. Bulletin 322, Va. Agric. 
Exp. Sta. Bulletin 248. 
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ceives a heavy infestation of moths which fly from the bins of the vinegar 
company. Each fall the bins are filled with cull apples from all parts 
of Frederick and Clarke counties. 


Metuop. For tests with the first brood of larvae, apples, three- 
fourths to one inch in diamater, were selected from one tree of an un- 
known variety which had received a very light calyx spray. For the 
other tests York Imperial apples were picked from two trees which were 
not sprayed at any time during the season. The apples selected were 
from one and a half to two and a half inches in diameter. 

The apples were picked, suspended and sprayed before the eggs were 
placed on the fruit. Lead arsenate was applied at the rate of four 
pounds in 100 gallons of water. A Myers hand sprayer was used. 
Every effort was made to spray the apples thoroughly and as nearly 
alike as possible. In case of the last experiment a second but less 
drenching spray was applied as soon as the first application had dried. 

As soon as the spray had dried a pear leaf or part of a leaf, containing 
the desired number of eggs, was attached by means of a paper clip to 
the string suspending each apple. In each instance the pear leaf or 
paper clip rested on the side of the apple. Four eggs in the first ex- 
periment and five eggs in the second and third experiments were placed 
on each apple. One hundred apples were used for each strain or cross in 
each experiment except in the case of the checks of the second and third 
experiments. For these checks twenty apples each were used. Slightly 
less than a normal hatch occurred because a few eggs were injured in 
making the attachment to the fruit. 

Eggs were used which hatched in one to three days after the fruit was 
sprayed and suspended. About one week after the eggs hatched the 
final examination of the apples began. Before cutting open an apple a 
record was made of the number of dead larvae still adhering to the side 
of the fruit. This count was incomplete and cannot be considered 
comparable for the various strains, because all of the apples could not be 
examined on the same day. Apples examined last had the least number 
of dead larvae adhering to the sides. No attempt was made to recover 
dead larvae from the calyx end. 

The fruit was sprayed and the eggs were attached on June 7, July 26 
and August 10. 


Discussion. A summary showing the percentage of worms which 
entered the apples and remained alive is given in Table 1. Table 2 
shows the percentage of total side injuries including stings, which were 
conspicuous enough to be observed by the unaided eye. 
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Catyx Worms IN THE Cueck AppLes:—No attempt was made to 
prevent the larvae from entering the calyx end of any of the apples, 
sprayed or unsprayed. It will be observed that calyx worms in the 
check apples were about one-fourth as numerous as side worms in 
the first experiment and about one-third as numerous in the second and 
third experiments. The increase in the proportion of the calyx worms 
among the second brood larvae was probably due, in part, to the variety 
of apple used and also to the fact that the York Imperial apples had not 
been sprayed prior to the experiment in which they were used. It will 
be recalled the unknown variety on which the first brood larvae fed 
received a very light calyx spray, which was applied about five weeks 
prior to the time of the first experiment. 

There were two kinds of calyx entrances. One through the calyx 
lobes with no evidence of eating on the outside of the cup. In the second 
type the larva ate into the upper or more frequently the lower cup from 
the outside, usually near the base of the calyx lobes. 

Catyx Worms IN THE SpraYED AppLes :—Attention is called to the 
fact that a spray applied long after the calyx cups closed reduced the 
number of calyx worms (Virginia strain) to less than one-third of the 
number found in the checks. Colorado larvae entered through the 
calyx end with considerable success. More than two times as many 
were susccessful as the Virginia larvae. 

It seems that many of the larvae picked up poison before reaching the 
inside of the blossom end and later died in the cup. Often, however, 
the larva lived long enough to make a minute sting at the bottom of the 
lower cup. 

Sipe Worms :—Although the apples were sprayed as nearly alike as 
the eye could detect, the Colorado larvae consistently demonstrated 
their superiority over the Virginia larvae in their ability to penetrate 
the side of the fruit. It was difficult to believe that some of the larvae of 
the Colorado strain could remain alive and healthy after entering 
through or at the margin of spots of dried spray material. The stings 
made by the unsuccessful Colorado larvae outnumbered the stings made 
by the Virginia larvae and were usually more conspicuous. 

As a first step in answer to the question of the cause of the marked 
difference shown by the two strains, crosses were obtained by mating 
the first brood of moths reared in the insectary. Colorado males with 
Virginia females and Colorado females with Virginia males were mated. 
The F; generation of the crosses was more capable of penetrating the 
side of the sprayed fruit than the Virginia strain, but seemed to have 
lost much of the potency exhibited by the pure strain of Colorado larvae. 
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DIFFERENCES IN THE Strains. The writer knows of no physicial 
differences in the larvae. No difference has been observed in their 
habits. In comparing a series of individuals a number of the Colorado 
moths appeared lighter in color than the Virginia moths. This might be 
due to the influence of the drier western atmosphere. The Colorado 
females were not more productive than the Virginia females. In fact, 
the average number of eggs deposited by the spring brood of moths as 
well as the first brood of moths of the latter strain was somewhat greater 
than the respective averages established by the Colorado strain. At 
the same time Colorado females mated with Virginia males averaged 
143 eggs and Virginia females mated with Colorado males averaged 122 
eggs per female. 

REMARKS 


The superiority of Colorado codling moth larvae over Virginia larvae 
in penetrating the side of sprayed apples was demonstrated in three 
successive tests. 

The F, generation of both crosses was somewhat more capable of 
entering sprayed fruit than the Virginia larvae but much less resistant to 
control by arsenical spraying than the pure strain of Colorado larvae. 


TABLE l. 
Exp. No. of | Live Larvae Entering Total 
No. Strain Eggs Side Calyx End Per cent 
Hatched Per cent Per cent 
1 First brood larvae 
Virginia 360 5 38 1.3 
Colorado 365 25.2 6.3 3L.5 
Virginia (check) 366 46.1 11.7 57.8 
2 Second brood larvae 
Virginia. . 465 1.9 4.7 6.6 
Colorado 452 29.2 10.1 39.3 
Colorado 3 a 
yes 467 10.4 34 13.8 
Virginia 9 
Colorado 9 i . 4 
ea ; 455 14.5 59 20.4 
Virginia ¢ 
Virginia (check) 179 58.1 16.7 74.8 
3 Second brood larvae 
Virginia 457 2.6 ye 1.7 
Colorado 472 29.0 8.6 37.6 
Colorado @* : - a 
a 468 5.1 20 10.6 
Virginia ¢ 
Colorado 9 : » m 
~~ ae $e 434 09 i 13.2 
Virginia ¢ 


Virginia (check)....... 180 49.4 16.1 65.5 
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Further investigation is necessary to shed light on the nature and 
cause of the difference demonstrated by the two strains in their re- 
sistance to arsenical poisoning. 


TABLE 2 
Exp. No. of Side Total Side 
No. Strain Eggs Entrances, Stings, Injuries, 


Hatched Percent Percent Per cent 
1 First brood larvae 


Virginia ' 360 b 10.5 11.0 
Colorado 365 25.2 20.5 45.7 
Virginia (check).... sa 366 46.1 2.7 48.8 
2 Second brood larvae 
Virginia. 465 1.9 12.2 14.1 
Colorado . 42 29.2 15.0 44.2 
ey 467 10.4 12.6 23.0 
irginia ¢ 
uty — 455 14.5 20.2 34.7 
irginia c 
Virginia (check) 179 58.1 0 58.1 
3 Second brood larvae 
Virginia 457 2.6 7.0 9.6 
Colorado 472 29.0 10.3 39.3 
wine | 468 5] 64 1S 
me gh ( 434 5.9 6.6 12.5 
irginiac” } 
Virginia (check) 180 49.4 1.1 50.5 


Mr. L. Haseman: I should like to ask the speaker if he ran feeding 
tests so he knew how much poison one strain could stand as compared 
with the other. 

Mr. W.S. Hoven: I did not. 

Mr. B. A. Porter: I should like to know how many worms he used 
in the test. 

Mr. W. S. Hovucu: The total exceeded 4,800. In no case, in any 
one strain, was there less than 360 larvae, which could attack the 
sprayed fruit. 

Mr. B. A. Porter: I wanted him to add that additional weight on 
the work he has done, because the large number of worms is much more 
likely to be more significant than a smaller number. 

First VicE-PRESIDENT W. P. Furnt: The next paper is by W. S. 
Regan and A. B. Davenport. 
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SOME RESULTS OF THREE YEARS’ EXPERIENCE SEEKING 
BETTER CONTROL MEASURES FOR THE CODLING MOTH 
IN THE YAKIMA VALLEY, WASH. 


By W. S. REGAN and A. B. DAVENPort, California Spray Chemical Co., 
Yakima, Wash. 





ABSTRACT 
The addition of oil spray to arsenate of lead offers a material aid in Codling Moth 
(Carpocapsa pomonella) control. Five different types of oil have been tested. The 
factors of refinement, volatility, oil penetration, emulsification, residue removal, etc., 
are discussed. Some results of tests and practical orchard experience are given in 
controlling Codling Moth on apples and pears, with the lead-oil combination and 
with oil spray alone. 


BETTER CONTROL MEASURES DESIRED 

Many orchardists in the Yakima and Wenatchee districts, as well as 
in other fruit sections of the Northwest, have for some years past found it 
necessary to make from six to ten or more applications of Arsenate of 
lead each year in order to secure even fair control of the Codling Moth. 
After admission is made that lack of satisfactory results may be due in 
some measure to careless application and insufficeint attention to proper 
“orchard sanitation” or supplementary control measures, the fact still 
remains that many good growers, with years of experience, after having 
made of themselves virtual slaves to the “spray rig,”’ from May 'til 
September, still have to take at harvest time a cullage of from ten to 
thirty per cent or more, because of worms and “‘stings’’ by this pest. 
Large acreage and insufficient or poor equipment, delays because of 
windy conditions, interference from irrigation requirements and similar 
considerations, all are factors contributing towards this unfortunate 
condition. Nevertheless, in spite of all possible allowance, it can be 
stated with certainty that the majority of growers of the Northwest have 
not found in Arsenate of lead the measure of control to which they might 
be considered justly entitled, in view of the time, labor and expense in- 
volved. 

The need of an insecticide with more “kick”’ than Arsenate of lead, or 
at least something to increase the effectiveness of this Arsenical, has long 
been expressed by those who have had to face this problem. This desire 
has been all the more in evidence during the past two years, since the 
spray residue restrictions have been put into force, because of the fact 
that the frequent and numerous applications needed in many cases for 
satisfactory control have greatly increased the difficulty of residue 
removal to the tolerance required. 
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O1t SPRAY AS A POSSIBLE CONTROL AID 


During the past three years orchard tests have been conducted in the 
Yakima valley to determine to what extent oil spray might be used as an 
aid in Codling Moth control. It has been definitely determined by 
numerous investigators that oil sprays are highly effective in destroying 
the eggs of the Codling Moth before they hatch, thus offering a more 
logical method of attack than that by which the young worms are killed 
in the actual process of feeding and injuring the fruit. The fact, further- 
more, that oils have a wide range of efficiency in destroying other 
prevalent orchard pests, such as San Jose scale, Red Spider, Aphis, Leaf- 
hopper, etc., all of which are of serious economic importance in North- 
west fruit sections, places oil spray in a special position of favor, as en- 
titled to full and fair consideration in this connection. 

It was evident at the outset of these investigations that there were a 
number of factors limiting the use of oil sprays on orchard trees. Chief 
among these, in addition to actual efficiency, were margin of safety, to 
trees, foliage and fruit, and cost for results obtained, that is, whether the 
added expense per tank was justified by a lower labor cost for fewer 
applications or by sufficiently better control. 

During 1925 little was determined other than that a highly refined 
summer or foliage oil, used in connection with Arsenate of lead, did give 
far better Codling Moth control than that obtained in a block of trees in 
the same orchard, sprayed with Arsenate of lead alone. In 1926 a large 
series of tests were carried out on Winesap apples to determine the 
comparative effectiveness of (1) Arsenate of lead alone, (2) Arsenate of 
lead with caseinate spreader, (3) Arsenate of lead in combination with 
oil spray, and (4) oil spray alone. In these tests two different oils were 
used; one of high refinement and low volatility and another of moderately 
high refinement and volatility. In general the Lead-oil combination 
showed far better control then either the lead alone or lead-spreader 
combination, there being from three to four times the number of culls, on 
the average, for the blocks where no oil spray was used in combination 
with the lead for an equal number of applications. Oil spray alone, in 
several tests, gave fair results but not such as would justify the con- 
clusion that the average grower at present would secure satisfactory 
results in the control of Codling Moth with oil spray alone. Further- 
more, the apparent necessity of making frequent or heavy application 
with oil spray in badly infested districts, where this insecticide was to be 
depended upon alone for control, introduced factors which clearly indi- 
cated a need for much more investigation. (See “Results of Different 


a all RS 





Qs or ees 


ate ete se 








332 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 21 


Insecticide Treatments on the Control of Codling Moth in the Pacific 
Northwest,”’ by W. S. Regan, issued by the California Spray-Chemical 
Co., Watsonville, Cal., 1927.) 


Scope or 1927 Tests 


In addition to Winesaps, Romes and Jonathan apples, Bartlett, Bosc, 
D’Anjou, and Nellis pears were included in this year’s tests. Five differ- 
ent oi! emulsions were tested. These contained 83 per cent actual oil and 
varied from 62 to 100 per cent saturation (refined), and from 50 to 107 
seconds viscosity. The retail cost of the oil emulsions used ranged from 
thirty cents for the less refined oils to one dollar per gallon for the heavy, 
highly refined oils, with intermediate prices for the oils of moderately 
high refinement or greater volatility. There were a total of fourteen 
tests, all of which were carried out under practical orchard conditions. 
With the exception of four tests, all of these consisted of the lead-oil com- 
bination. Of these four, one test, on Romes, consisted of Arsenate of 
lead with spreader and three with oil spray alone, without any arsenate 
of lead; two in the case of pears and one on Winesaps. The pears re- 
ceived a total of three applications and the apples four, except in two 
tests, where five applications were made with the lead-spreader com- 
bination on Romes and five with oil spray alone on Winesaps. It should 
be noted that it is the common practice in the district where these tests 
were carried out to spray pears four or more times and apples six or 
more times with Arsenate of lead. 

The different oil emulsions were tested at 1, 1% and 2 per cent of the 
83 per cent oil emulsion. In general every one of the five oil emulsions 
tested showed good ovicidal action at as low as 1 gallon in 100, and even 
the poorest results with the lead-oil combination were better than where 
the Arsenate of lead was used without oil. There are, however, limiting 
factors in the use of various types of oils, as indicated by these test. 
Some of these features will be discussed further but owing to lack 
of space no attempt will be made to present tables or to enter into a 
detailed discussion of these results in this paper. 


IMPORTANT FACTORS IN THE USE OF SUMMER OR FOLIAGE 
Or, SPRAYS 


REFINEMENT AND VOLaTILiTy. Two of the most important charac- 
teristics of a summer or foliage oil spray. as shown by these tests, are 
refinement and volatility. With reasonable refinement volatility is the 
more important factor of the two; for an oil that is too slowly volatile, 
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and used too heavily, permits penetration, may cause interference with 
the natural functioning of the plant, and give rise to such important 
disturbances as discolored fruit, undersized fruit, and even reduced bud 
formation and fruit set for the succeeding year. 

Well refined oils (85 per cent and preferably higher) of moderate or 
fairly high volatility are to be preferred to oils of lower refinement or of 
too low volatility, or even, in some instances, to a highly refined oil of 
low volatility. This appears to be true from the standpoint of both 
control and ultimate effect upon trees or fruits. Oils of lower refinement 
can never be used on foliage and fruit without considerable hazard. 
Even when this hazard is avoided, by good fortune or otherwise, foliage 
stunting is almost certain to result from any continued use of oils of 
comparatively low refinement. On the other hand, oils of high refine- 
ment, when used in moderation, appear to have a stimulating effect 
upon foliage, but to what this stimulation is due yet remains obscure. 
Lighter oils have quicker spreading property and quicker, though not 
persisting penetration. Better results than have been secured with lighter 
oils in some of our tests may possibly be accounted for by this better 
spreading property, and accordingly a more thorough application and 
contact, which results with the lighter types of oil. Where summer con- 
trol of scale is involved, our experience would indicate that oils of too 
great volatility are likely not to give the penetration needed for effective 
kill, especially where incrusted scale occurs. Manufacturers are recog- 
nizing the need for oil sprays of different degrees of volatility, as indi- 
cated by the designation of “‘light,”’ “medium,” and “heavy” oils. The 
lighter types of oils have another advantage, from a physiological stand- 
point, in that the oil film disappears rapidly after application and is 
completely gone in a matter of hours, whereas the heavier, less volatile 
oils may persist for from several days to several weeks, according to the 
strength used and the thoroughness of application. 


Oi. PENETRATION. The importance of oil penetration, from the 
standpoint of undesirable physiological effects upon orchard trees and 
fruit, has already been mentioned. Many of the difficulties met with in 
the use of oil sprays are due to this one factor. The degree or extent of 
oil penetration is closely associated with tree condition and the volatility 
of the oil used. Trees in unthrifty condition or weakened from any cause, 
permit greater oil penetration, especially where the heavy, slowly volatile 
oils are used, and corresponding ill effects. 

Reference has been made to some of the undesirable reactions which 
sometimes accompany the use of certain types of summer oil, such as 
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inferior sizing of fruit, retarded coloring, fruit discoloration, etc. It 
should not be concluded that these reactions always accompany the use 
of oil sprays. Tree condition, climatic factors of excessive heat and 
drought, and type of oil used are all determining factors in tree or fruit 
reaction. Among the thirteen tests carried out this year with oil sprays 
on apples and pears, there was only a single test where any ill effects were 
noticeable. This was where five unusually thorough applications were 
made to winesaps, with a heavy, slowly volatile oil, at 1% gallons in 100. 
Here there was evident retarded sizing and possibly slower coloring of 
the apples. Pears, on the whole, appear to show less reaction to heavier 
oil applications than apples, but even here there are reasonable limita- 
tions. It is interesting to note that Jonathans, in the display that won 
first prize at the Washington State Fair, had been sprayed four times 
with one of the heavier summer oils, and that Newtowns and Spitzen- 
bergs that took first prize at the Pacific Northwest Exposition at Port- 
land, Oregon, had been sprayed four times with a lighter type summer oil. 

One of the stumbling blocks in the use of summer oils has been fruit 
discoloration, especially about the calyx end, due to oil penetration, on 
such varieties as Newtown and Ben Davis and occasionally on certain 
other varieties. Observations this year indicate that this difficulty can 
be almost entirely overcome by the use of oils of high refinement and 
volatility. 


EmutsiFicaTion. Although the idea appears to be entertained by 
some, that all there is to the preparation or manufacture of an oil spray 
is the agitation of an oil with an emulsifying agent, emulsification, in 
fact, is one of the most complex and technical phases of the production 
of safe and effective oil sprays. The amount and kind of emulsifier is, 
in a large measure, the determining factor. The emulsifier can be used 
so that a minimum amount of oil will give desired results, or it may be 
so used that practically double the amount of oil is required, because 
much of the oil is actually lost from the tree in the drip. The difference 
in the method of emulsification is frequently the cause for variable 
results with the same percentage of any particular oil. Emulsification 
can be made also to exert another influence of a beneficial nature, by 
inhibiting oil penetration of foliage, fruit, or bark, and by keeping the 
oil film upon the surface, thus make effective far weaker applications 
than those ordinarily required. 
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O1L SPRAY AND SPRAY RESIDUE REMOVAL 


Another consideration in the use of oil spray is the effect that it may 
have upon spray residue removal, when summer oil is combined with 
arsenate of lead or follows it. In general, investigation has shown that, 
properly handled, oil spray does not retard spray residue removal by 
machine wiping, to the extent ordinarily possible with such equipment. 
Individual cases of course can be cited in which great difficulty was 
experienced where oil spray had been used. The same can be said also 
in certain cases where no oil was applied. When arsenate of lead and oil 
spray are combined, spreader of the right type and in proper amount 
should be added to prevent curdling and consequent blotching of the 
lead. Blotched lead, fromwhatever cause, increases the difficulty of spray 
residue removal. Among some of the factors that interfere with the 
cleaning process by machine wiping, where oil spray has been applied, the 
following might be mentioned—(1) the use of certain types of spreader, 
which blotch the lead, when lead and oil are combined, (2) the use of 
oil and lead in the tank without spreader, (3) the application of oil over 
heavily blotched lead, (4) the use of inferior grade oil which may cause 
russeting or spotting of the fruit, thus “‘setting’’ the lead into the skin in 
these spots, and (5) the use of a heavy oil close to picking, allowing 
insufficient time for the oil to volatilize before wiping is attempted. 

In the case of the washing processes of spray residue removal the con- 
census of opinion is that oil sprayed fruit is somwehat more difficult to 
wash than fruit sprayed with lead alone or with lead and spreader. 
Even here the difficulty is by no means insurmountable and is, in general, 
no greater than in the case of fruit, upon which the natural wax has begun 
to form. The factors, already referred to, as having influence upon the 
wiping process, undoubtedly affect the washing process as well. There 
is good reason for the belief that with increased experience in the use of 
washing solutions and machinery, oil sprays will offer no material] diffi- 
culty in the cleaning of fruit. 


Oi_ SPRAY OF MATERIAL AID IN CoDLING Motu ContTROL 


The fact has already been pointed out that the majority of growers 
in the Northwest are by no means satisfied with the control of Codling 
Moth that they have been able to secure with arsenate of lead. Tests, 
as well as numerous cases of practical orchard experience, have clearly 
demonstrated that the combination of oil spray with arsenate of lead 
greatly increases the effectiveness of the spray application in the control 
of this pest. It will be readily understood that best results are dependent 
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upon the use of oil spray of high grade, that is, an oil spray that has been 
prepared with due consideration of the technical and practical features 
of refinement and volatility, oil content for the specific purpose intended, 
and emulsification—and last, but by no means least, applied with the 
greatest possible thoroughness. 

‘Tests this year, conducted under practical orchard conditions, showed 
approximately three to four times the number of culls for worms and 
“stings,”” where the arsenate of lead was used alone, without oil, as in 
cases where the lead-oil combination was used. One instance of practi- 
cal results with the lead-oil combination was given by a warehouse 
manager of one of the large fruit organizations at Medford, Oregon. 
One of his growers, whose crop consisted mainly of Newtowns and 
Spitzenbergs, two very susceptible varieties, used the lead-oil combina- 
tion (a volatile type oil) four times. His total cullage was five per cent. 
This grower has several neighbors whose fruit was handled by this same 
warehouse. These growers followed a similar spray schedule, using a 
similar dosage of arsenate of lead, but without oil. The average cullage 
for the neighbors’ crops was twenty-five per cent. The manager, who is 
thoroughly familiar with the conditions in these several orchards, stated 
that in his opinion the only answer to the greatly reduced cullage in this 
one case was the fact that this grower had used oil spray. Similar results 
have been secured by many growers of unquestionable experience and 
reputation in the Northwest. 

The lead-oil combination also makes possible a reduction of one to 
several applications, in the total number of sprays needed to secure good 
control. While the cost per tank for the lead-oil combination is greater, 
the reduction in labor cost, for fewer applications, together with a better 
pack-out for the crop, easily justifies the initial extra expense. The use 
of the summer oil in the lead-oil combination has the added advantages 
of reducing aphis infestations, it destroys young or migratory scale and 
controls Red Spider. 

The aim in Codling Moth control should be to secure the best possible 
results with as few applications and at the least possible expense, con- 
sistent with the production of clean fruit. Concentration of every effort 
against the first brood, with the aim of eliminating this brood, will be 
found of greatest assistance. 

Cases arise where it is desirable to reduce to a minimum the arsenical 
dosage necessary to secure satisfactory control of Codling Moth, so that 
little spray residue will be present on the fruit at picking time. Tests 
indicate that where the lead-oil combination is used, the total arsenical 
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dosage needed for good results can be reduced materially. We are by 
no means in a position to recommend total dependence on oil spray for 
Codling Moth control on apples, although several cases can be cited 
where growers secured good results with oil spray alone. One grower in 
a badly infested district at Wapato, Wash., secured excellent results on 
his Yellow Transparent apples, an early variety, with three applications 
of summer oil, without lead. This grower’s total cullage for worms and 
“stings” did not exceed 2 per cent, and this variety is amply susceptible 
to worm attack. The long growing season, however, in the case of 
apples, and the need for frequent or heavy application (certainly in the 
case of our heavily infested districts and more susceptible varieties), 
where total dependence is placed upon summer oil alone, introduce fac- 
tors that require further investigation. 

In the case of pears, tests and actual experience have demonstrated 
that good control of Codling Moth can be secured by the use of summer 
oil with a greatly reduced dosage of arsenate of lead, and even with the 
summer oil alone, without any lead. In orchard tests with Bartlett 
pears the past season, a total of three applications of one of the heavier 
summer oils, at 1% gallons in 100, applied at periods approximately one 
month apart, resulted in a cullage for worms and “stings” of only 1.9 
percent. Where 3 pounds of arsenate of lead in 100 was added to the oil 
in the first application, the cullage amounted to 1.7 per cent, only two- 
one-hundredths of one per cent better than with the oil alone. An un- 
sprayed Bartlett for this same locality would cull, conservatively, close 
to 25 per cent. No ill effects of any sort were noticed from these oil 
applications on pears. The fruit was of as nice size and quality as any 
in the district. The fact that pears are, on the whole, less susceptible 
to worm attack than apples, together with a shorter growing season, 
undoubtedly accounts for these results with oil spray. 

In conclusion it can be said that oil sprays have decided possibilities 
for material aid in Codling Moth control. The extent of this aid is 
dependent not only upon oil sprays of high quality at reasonable cost, 
but upon considerate and intelligent use as well. 





MemBeER: I would like to ask if I understood correctly that you have 
no trouble in removing spray residue? 


Mr. W.S. Recan: Yes, we do have a great deal of difficulty remov- 
ing the residue. The number of applications needed under our condi- 
tions to secure good control, makes the problem of residue removal to 
tolerance an extremely difficult one. I believe, however, that with 
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further experience in the use of washing machinery and washing solu- 
tions, the problem will be satisfactorily overcome. That seems to be 
the attitude throughout the Northwest. At first there was a great deal 
of opposition to this residue requirement, but most of the people of the 
Northwest appear to feel that it will eventually be a good thing for the 
fruit industry. 

Mr. J. S. Houser: By way of supplement to Dr. Regan’s paper, I 
would like to add this point that the combination of oils and arsenicals 
cannot be used satisfactorily for spraying grapes, because the oil takes 
the bloom from the fruit. 


Mr. W.S. Recan: I might add that the extent to which the bloom is 
removed and the length of time it remains off is dependent mainly upon 
the type of oil used. I have had no experience with grapes, but on 
prunes, which have a similar bloom, by using a lighter, more volatile oil, 
the bloom may be removed temporarily, but returns in a relatively short 
time, whereas with a heavy, less volatile oil, the bloom remains off longer. 

Mr. J. S. Houser: I have in mind the white oil emulsions. 

Mr. W. S. Recan: I might say that the white oils vary in viscosity 
all the way from 50 seconds to about 107 seconds, and this would mean 
that oils of lower viscosity would disappear rapidly after application, 
whereas the heavy oil is slowly volatile. 

Mr. ALBERT HarRTZzELL: How many inches of rainfall did you have in 
Washington when these exepriments were conducted ? 


Mr. W.S. Recan: I wonder if Mr. Newcomer could give us that. 


Mr. E. J. Newcomer: I think it is about 9 inches a year. That also 
includes snow. 

Mr. W.S. Recan: Professor Crosby has asked me to mention the fact 
that throughout our spraying season we may have little or norain. Last 
year from May through September we had practically no rain. 


First VICE-PRESIDENT W. P. Fiint: The next paper is by S. W. Frost. 
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CONTINUED STUDIES OF BAITS FOR ORIENTAL FRUIT MOTH 
By S. W. Frost, The Pennsylvania State College’ 


ABSTRACT 
Comparisons of fermenting sugar baits and sodium arsenite-molasses baits were 
made, with further studies to determine reasons why the sodium arsenite-molasses 
baits give more satisfactory catches. A summary is given of some factors affecting 
the catches of Oriental Fruit Moths (Laspeyresia molesta). The results of control 
experiments for 1927 are summarized. 


Metuop. All bait tests and control plots were conducted in a block of 
Krummel peach trees near Arendtsville, Pa. Number ten tin pails of 
approximately one gallon capacity, painted with white lead and tur- 
pentine, were placed on every tree in all plots. From ten to twenty-four 
pails were used in each test. These were examined, except in a few cases 
noted, once a week and the insects were strained from them and counts 
were made of the number of Oriental Fruit Moths. Records were also 
kept of a large number of other insects which will be discussed in further 
papers. 

SEASONAL ConpiTIONsS. The summer of 1927 was abnormally cool 
and rainy. The catches of Oriental Fruit Moths, and likewise all other 
insects, were correspondingly low especially during the early part of the 
summer. 

The set of fruit in the Krummel block of peaches was exceedingly 
small due to late frost and freezing in the spring. The adjacent blocks of 
early peaches were, however, full. During the month of May an unusual 
number of larvae of the first brood entered the young fruit probably be- 
cause the twigs in that particular part of the orchard were not growing 
vigorously at that time. 

The percentage of Oriental Fruit Moth infestation was moderate to 
heavy, approximating that of 1926. The infestations of Elberta, 
Hale and Hiley were estimated at 5 per cent. On July 29tha count of 
250 Mixon, showed 11 per cent infested fruit.* An examination of 250 
Fox Seedlings on September 3rd showed 31.3 per cent wormy fruit while 
at picking time, September 26th, Krummels, where the fruit was very 
thin, showed 83.3 per cent wormy fruit. 

The percentage of parasitism was apparently low. No parasites 
emerged from 500 overwintering larvae which were taken from wormy 


‘Published by permission of the Director of Agriculture, The Pennsylvania State 
College of Agriculture as a part of project No. 697. Technical paper No. 445. 

?The percentages of worms in Mixon and Fox Seedling were determined by rearing 
adults or dissecting larvae from fruits collected on these dates. 
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" quinces the preceding fall from the southern extremity of Pennsylvania, 


at Midvale. During the first summer brood, 200 larvae were gathered 
but no parasites emerged. About 1 per cent of 500 larvae of the second 
summer brood were parasitized by Glypta while no parasites were reared 
from 200 larvae of the third summer brood. 


FERMENTING SuGAR Baits. The investigations of fermenting sugar 
baits were centered about the catches from various dilutions of (1) a 
medium grade refiner’s syrup (2) “Centrifugal,” a low grade New Orleans 
molasses and (3) ““Refodewah,”’ a high grade New Orleans molasses. 
Analysis of these sugar bearing products with others for comparison were 
made by Mr. Huber through the courtesy of Dr. James W. Kellogg of 
the Bureau of Chemistry, Harrisburg, Pa. 


ANALYSIS OF SYRUPS 


(Through courtesy of Dr. J. W. Kellogg, Bureau Chemistry, Harrisburg, Pa.) 


Name Sucrose Reducing Dextrose Sugars Wholesale Cost per Gal. 

Refodewah, New 

Orleans...... ... S8B% 18.5% 80c 
Refiner’s Syrup 

SCG araiailvin'ne o's 38.6% 24.2% 45c 
Choice Centrifugal 

New Orleans. ..... 37.9% 19.4% 26c 
Black Strap, Brand 

4 ST Ae 32.8% 19.6% 19¢ 
Molasses residue*... .less than Trace lc 

1% 


*Several tests of these so called ‘‘foundry molasses’’ or ‘‘Evaporated molasses 
residue”’ were tried at various dilutions hoping that these highly odoriferous mixtures 
might be attractive but the results were negative. 


The figures, in the chart of weekly collections of moths, plainly show 
that Refiner’s syrup 1-20 is superior to a dilution of 1-10 and that a 1-10 
New Orleans molasses ‘‘Refodewah”’ is superior to a 1-20 dilution. The 
rate of fermentation and surface tension no doubt have a direct bearing 
upon dilution and ultimately affect the catch. 


SoprumM ARSENITE-Mo asses Baits. The investigation of 1927 again 
showed that the sodium arsenite-molasses bait consisting of : New Orleans 
molasses 1 part, water 10 parts and sodium arsenite 5 grams to 1 gallon 
of the mixture, gave much higher catches. Compare the results shown 
in the accompanying chart. Favorable results were obtained when 
sodium arsenite was used with New Orleans molasses ‘“‘Refodewah”’ but 
not when used with Refiner’s syrup or with black strap molasses. While 
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sodium benzoate was suggested in 1926 further studies have shown that 
it has little value. 

Tests were conducted to determine (1) whether unfermented sugars 
and (2) whether certain sodium salts are attractive to the Oriental 
Fruit Moths. Numerous tests were run from May until July with various 
sugars including; lactose, levulose, maltose, arabinose, glucose, dextrose 
and invert sugar. Unfermented sugars could be tested only in dry 
form or as highly concentrated mixtures. The sugars were placed in 
“‘Peterson’s evaporation cups”’ and floated on top of water, also upon a 
soap solution or a sodium oleate solution. The latter were used to give 
better retention of moths on account of lowered surface tension. The 
sugars were also mixed with a few drops of water and placed in similar 
“evaporation cups’ but neither series of experiments yielded higher 
catches than water or sodium oleate checks. Dilute mixtures of Invert 
sugar were also used without favorable results. 

Sodium salts were tried including: S. arsenite, S. benzoate, S. borate, 
S. oleate, S. chloride, and S. hypochlorite. These were tried in powdered 
form in “Evaporation Cups’”’ floated upon water, also as weak solutions 
using 1 teaspoon of the salt to 1 gallon of water. A few moths were 
captured in some of the pails but the results clearly indicated that 
these salts had no attraction for the moths. 

The foregoing experiments indicate that neither the unfermented 
sugars or the salt in the Sodium arsenite-molasses bait accounts for the 
superiority of this bait. The attractiveness must be due to some reaction 
between the molasses and the salt or possibly to a slight inhibitation of 
the fermentation of the sugars. 


Some Factors AFFECTING THE CATCHES OF ORIENTAL 
Fruit Morus 


These factors are too numerous and complicated to summarize here. 
As a matter of fact we are familiar with only a few of them. Some of the 
factors as temperature and precipitation are beyond our control but the 
bait and the pail may at times be adjusted to accommodate themselves 
to these. Other factors as the surface tension, density and volume of the 
liquid can be modified at will. 

Prolonged low temperatures and excessive precipitation both affect 
the catches of Oriental Fruit Moths. The small catches of the past cool, 
wet season are outstanding. It is still questionable whether the reduced 
catches under such conditions are due to (1) the inactivity or checked 
fermentation of the bait, (2) the reduction in the population of the moths 
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in the orchard, or (3) the inactivity of the adults with the result that 
they do not reach the pails. The latter has been generally believed to be 
the case. This is certainly true when showers occur at dusk or sunset at 
which time the moths are normally more active, but on the whole, 
showers or drops in the temperature for short periods, affect the catches 
but little. 


The presence of large insects in the bait-pails, as: Euphoria and Noc- 
tuidae, in moderate numbers are beneficial for they keep the surface of 
the bait churned and prevent the formation of a scum (mold growth and 
bacterial growth). On the other hand an abundance of such insects 
might interfere by filling the pail. Such a condition has never been 
experienced by the writer because he uses deep pails permitting ample 
room for the insects to settle to the bottom. During 1927 a set of 100 
pails was tested from August Ist to September Ist without any atten- 
tion, and at the end of this period the surface of the baits were clean, the 
moths had settled to the bottoms of the pails, and 20,000 Oriental Fruit 
Moths were separated and counted from these pails. In this connection 
it might be mentioned that the peak of emergence of the Noctuids, which 
includes numerous species, comes about the first of June. This may 
vary with different seasons. A curve was plotted for 1927 based on 
23,574 Noctuids caught in 300 pails. In constructing the curve the 
catch per pail was used. The great Noctuid flight precedes the first, 
second and third summer broods of the Oriental Fruit Moth and there- 
fore is not a serious factor in the operation of baits. It is interesting to 
note also that 25,486 Oriental Fruit Moths were taken from the same 300 
pails. 

Another factor of considerable importance is surface tension. This 
was first discussed by the writer in 1925 when he noted that larger 
numbers of moths were caught in molasses baits when a small amount of 
engine oil was placed on top to prevent evaporation and slopping, than 
in similar molasses baits without the engine oil. This brings us to the 
problem of attraction vs. retention. Both are factors contributing to 
the catches of moths in liquid baits. Water does not offer a suitable 
check in orchard work. There is little or nothing to hold the moths 
that visit it. On the other hand a molasses solution not only attracts 
but through its reduced surface tension causes the moths to penetrate 
the surface and prevents them from getting away. This is clearly illus- 
trated by the following tests: Oriental Fruit Moths were introduced on 
many different occasions into three similar battery jars, each containing a 
jelly glass. Water, a molasses solution, and a Sodium oleate solution 
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was placed in the three respective jelly glasses. The top of each battery 
jar was covered with cheese cloth and all jars were placed in an out-door 
insectary. Two hundred and sixty-two moths were introduced into each 
jar on various days from May 9th until September 30th. Daily counts 
were made of the number of moths caught in the different liquids. The 
total catches were as follows: 74 Oriental Moths in plain water, 155 
moths in the molasses solution, and 202 moths in the sodium oleate 
solution. It was difficult to keep the surface of the water clean. The 
floating scales of the moths made it easier for the adults to penetrate the 
surface film. On the other hand, a scum formed on the surface of the 
molasses solution, under these artificial conditions, making it more diffi- 
cult for the moths to penetrate the surafce film. The comparison, there- 
fore, is not as favorable as it should be. 

Field tests were also conducted to determine the value of surface 
tension using double containers. The inner container was the same size 
as the regular bait pail. Outside of this was a second chamber with a 
diameter three inches greater than the inner container. Bait was placed 
in the inner containers of two such pails. Water was put in the outer 
chamber of one of the pails and a sodium oleate solution in the outer 
chamber of the other. The bait served in both cases to attract the moths 
while the number of moths caught in the outer chambers indicated the 
difference in retention power of the two liquids under test. The differ- 
ence was very noticeable but it was impossible to make counts at the 
end of each week because the moths disintegrated in the sodium oleate 
solution. 

Over three hundred measurements were made at the laboratory of the 
surface tension of various sugar solutions at different dilutions and stages 
of fermentation. It was soon found that the surface tension of a molasses 
solution was considerably lower than that of water but much higher 
than that of a sodium oleate solution. The production of alcohol and 
later, the production of acids in the fermenting sugar solution both tend 
to reduce the surface tension. The relative values of the surface tension 
of water, molasses solution and sodium oleate solution are shown in the 
following table. 


RELATIVE VALUES OF SURFACE TENSIONS AT 20°C. 


Material Surface Tension in Dynes per Cm. 
Pnis-aie teint és eedebne kee pene 70 
Molasses 1-20... . Ri OEE Sm a < 58.3 
Sodium oleate .025 gr. to 100 cc H,O....... 31.6 
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The surface tension of a solution of black strap molasses is higher than 
that of a similar dilution of refiner’s syrup or New Orleans molasses, 
which helps to account for the fact that a New Orleans molasses solution 
gives better catches of oriental fruit moths than a similar solution of 
black strap molasses. It was noticeable in the orchards that larger 
numbers of the heavier Codling moths were caught in black strap 
molasses than the smaller Oriental Fruit moths. 

Other factors as: the height the pails are hung, size of the opening, 
color of the pail and the amount of material in the pail have been dis- 
cussed before. The question of the number of pails per acre or given 
area to give the largest catch, has not been completely determined. In 
1925 “‘a pail on every other tree in every other row’’ was suggested. 
During 1927 a pail was hung on every tree. The indications are that 
these are both extremes and that a pail on every other tree or about 50 
pails per acre will give a maximum catch. There are reasons to believe 
that the catch per pail when the pails are hung on every other tree ap- 
proximates the catch per pail when the pails are hung on every tree. 
Tests were conducted hanging 1, 2, 4, 6 and 8 pails respectively on 5 
different widely separated trees in the same block. The chart of weekly 
collections show the results; approximately the same catch per pail 
whether | or 8 pails were hung on the same tree. 

From the experimental standpoint it was thought that the daily or 
weekly disturbance of baits in making collections of moths might favor 
the bait by tending to keep it clean and free from insects. The following 
tests of weekly vs. monthly collections do not bear this out and it is also 
apparent that other insects, at least in moderate numbers, have little or 
no detrimental effect upon the bait. 


WEEKLY COLLECTIONS vs. MONTHLY COLLECTIONS OF ORIENTAL Fruit Morus 
FROM Batt-PAILs 


Bait.... Centrifugal Centrifugal Centrifugal Refodewah Refodewah 
1-20 1-20 1-20 1-10 1-10 
Number! of Pails. . . 24 24 10 10 id 
Duration... .. Sept. 1- Sept. 1- Sept. 1 Aug. 1- Sept. 1 
Oct. 1 Oct. 1 Oct. 1 Sept. 1 Oct. 1 
Examined.........atendof Every7 atendof atendof at end of 
30 days days 30 days 30 days 30 days 
Total number moths 1323 1439? L097 1907 356" 


1100 pails were used in each test but only the indicated number were selected for 
counts. 

*The total number of moths for 4 collections during the month. 

%A continuation of the same bait used in the preceding column. 
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CONTROL EXPERIMENTS. No effort was made to keep the control 
plots properly pailed for it was early recognized that the crop of Krum- 
mel peaches would be exceedingly shy. Only eleven bushels, the total 
crop, was picked from 200 trees in the four plots from which counts were 
made namely, Plots (A & B), (C & D), (E & F) and the check or unpailed 
plot. The letters refer to the series of pails, one on each tree, given in 
the chart of weekly collections of Oriental Fruit Moths and gives more 
plainly than words the treatment these plots received. 


SUMMARY OF ORIENTAL Fruit Mots Injury 


Drop Fruit 50 Trees in Each Plot 


Plot Total Number of Number of Number of Percentage of 
Fruit Sound Fruit Wormy Fruit Wormy Fruit 
A-B 174 24 150 86.2 
C-D 455 53 402 88.3 
E-F 5OT 56 451 88.9 
Unpailed 357 20 337 94.3 
Picked Fruit 50 Trees in Each Plot 
Plot Total Number of Number of Number of Percentage of 
Fruit Sound Fruit Wormy Fruit Wormy Fruit 
A-B 282 53 229 81.1 
C-D 638 180 458 717 
E-F S34 279 555 66.5 
Unpailed 504 4 420 83.3 


The higher percentage of picked wormy fruit in plot A-B may be due 
to its location at the edge of the orchard and to the greater scarcity of 
fruit. It is worth noting that 10,913 oriental fruit moths were removed 
from plots A-B, C—D, and E-F, from April 26th until October 18th. 
Only 24 per cent of these were taken before July Ist and 36 per cent 
before August Ist. Seventy-two moths were taken per tree or approxi- 
mately 4 moths per fruit. 


Bait AND CONTAINER. In general a bait of refiner’s syrup 1 part and 
water 20 parts, has given the largest catches of moths. Under extreme 
conditions such a bait is good for a month and under favorable conditions 
for at least two months. (During August 20,000 oriental fruit moths 
were taken from a set of 100 pails which were not disturbed for a period 
of thirty days. The pails were hung on every tree thus covering about 
an acre.) A sodium-arsenite molasses bait, under extreme conditions is 
good for four or five months. The latter bait may prove more satis- 
factory during hot summers when fermentation proceeds too rapidly. 
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Further studies are necessary to determine the minimum amount of. 
sodium arsenite that can be used. 

The ideal container is a No. 10 tin pail of approximately one gallon 
capacity with an opening of 6 inches and a depth of 7 inches. It holds 
enough material to overcome undue evaporation and gives depth to 
accommodate Noctuidae and other insects that sink to the bottom, thus 
clarifying the surface. A bail or handle of No. 15 galvanized wire cut 
two feet long makes a good handle. The wire is brought together and 
bent over at the top to form a hook. During the past two summers the 
pails were painted inside and out with white lead and turpentine. 
Enamels and oil paints proved unsatisfactory because they blistered 
and peeled off. Preliminary tests have been made with asphaltum paint 
and during the coming season a mixture of asphalt and spirits will be 
used for the interior of the pails while white lead and turpentine will be 
used for the exterior. The cost of such pails, including labor, paint and 
pails, is less than $1.30 per 100 when pails can be secured free. Discarded 
or slightly blemished containers can be purchased f.o.b. factory for less 
than $4.00 per hundred. Methods for dipping the cans could easily be 
worked out if bait-pails prove satisfactory. 


Conc.usions. There are some favorable figures to lead one to believe 
that bait pails have a place as a means of control for the Oriental Fruit 
Moth. On the other hand there are some unfavorable and uncertain 
seasonal conditions that greatly reduce the catch of moths with the baits 
in use at present. On the whole, however, the inexpensiveness of bait 
pails, the comparative small amount of labor required to atcend to 
them, and the figures thus far accumulated in their favor, leads the 
writer to believe that bait pails may find a definite place in the control 
of the Oriental! Fruit Moth. 





ADJOURNMENT: 12 o'clock. 





Friday Afternoon Session, December 30 
The meeting convened at 1:35 o’clock, President R. W. Harned in the 
Chair. 
PRESIDENT R. W. Harnep: The first paper this afternoon is by J. M. 
Robinson. 
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A NEW INSECT PEST OF PECANS IN ALABAMA, 
TETRALOPHA SP. 


By J. M. Rosinson, Auburn, Ala. 


(Withdrawn for publication elsewhere.) 





PRESIDENT R. W. HaRNED: The next paper is by H. L. Sweetman. 


PRECIPITATION AND IRRIGATION AS FACTORS IN THE 
ECOLOGY OF THE MEXICAN BEAN BEETLE, EP/LA- 
CHUA CORRUPTA MULS. 


By Harvey L. SWEETMAN, Wyoming Agricultural Experiment Station 


(Withdrawn for publication elsewhere.) 


PRESIDENT R. W. HARNED: The next paper is by R. N. Chapman. 


QUANTITATIVE RESULTS IN THE PREDICTION OF INSECT 
ABUNDANCE ON THE BASIS OF BIOTIC POTENTIAL AND 
ENVIRONMENTAL RESISTANCE! 


By Roya N. CHAPMAN, Division of Entomology, University of Minnesota 


ABSTRACT 


One may not assume that a change in insect population has been caused by a 
change in some environmental factor unless it is known that when the environment 
is constant the population is constant. Results from constant population experi- 
ments are compared with observations on the European Corn Borer. 


It may be permissible to call attention to certain results from quantita- 
tive experiments and to stress the economic significance of such work in 
this age of qualitative biological description. It is impossible to dis- 
tinguish between the results of chance and the operation of laws which 
involve cause and effect in the phenomena of nature, without the estab- 
lishment of certain constant values with respect to the phenomena under 
consideration. The day of recognition for the calculating, quantitative, 
economic entomologist has not yet come, but the day of descriptive 
observation of the obvious and guessing as to the probable is nearly past. 


‘Published with the approval of the Director as Paper No. 769 of the Journal 
Series of the Minnesota Agricultural Experiment Station. 
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Whether we welcome it or not we shall be forced to repeat the history of 
the more exact sciences in the solution of our problems which are be- 
coming increasingly more difficult as we approach the limits of our 
present methods. 

A series of experiments has been carried out for the purpose of demon- 
strating whether or not a constant value could be arrived at for the num- 
ber of insects in an environment of unit size. The question of the 
constancy of the abundance of insects under known experimental condi- 
tions may be an academic one, nevertheless, it is impossible to proceed 
with any sort of prediction with regard to future populations of insects 
unless it is known that the abundance of insects will always be the same, 
if their environment always remains the same. 

The insects used in these experiments were confused flour beetles 
(Tribolium confusum) and the environments were especially constructed 
glass dishes containing pure whole wheat flour maintained at known 
temperature and humidity. All of these conditions are admittedly 
simple and the contention is that they are therefore more dependable and 
practical. The set of eighteen environments involved various combina- 
tions of geometric series of sizes of environments and geometric series of 
sizes of original populations. In spite of these differences in the original 
size of populations and the absolute size of the environments, the popu- 
lations as expressed in individuals per gram of flour, had a value of 43.97 
with a standard deviation of 4.27 and a probable error of 2.88. This 
constant is good as compared with other so-called biological constants 
and may even claim respectability along with certain physical constants. 
This is especially true when it is recalled that physical laws deal with 
large numbers while biologists have a tendency to try to deduct laws 
from the behavior of individuals. 

It is important to note that certain of these experiments were started 
with single pairs of beetles so that all the individual differences in rates of 
egg laying, length of life, etc., appeared as factors in the beginning of the 
experiments. As time went on these differences disappeared as a result 
of nature’s own method of averaging as the populations approached the 
point of saturation. The result is that in 154 days’ time the progeny 
from single females varied from 178 to 4482. The size of the population 
being proportional to the size of the environment. 

Here then is a case in which the abundance of insects can be predicted 
when the measurements of the environment are known. The calcula- 
tions can be carried out by the use of a simple formula based upon the 
assumption that the number of insects is equal to the potential rate of 














April, '28) CHAPMAN: PREDICTING INSECT ABUNDANCE 351 


production divided by the resistance of the environment. (C=Bp). 
R 


Taking the constant value for the number of insects ‘‘C” and the average 
number of eggs laid by each female each day, multiplied by the number of 
females at the start of the experiment, we can solve for the value of the 
environmental resistance “R”. R=Bp, R=(43.97 X 8.).25=2.1. 
C 43.97 
When the value of R is known it is then possible to calculate the number 
of insects (C = (43.97 XK 8.4).25 =43.97). 
2.1 

The fact that the above case is a simple one and that the measurement 
of the environment amounts only to determining the number of grams 
of flour, does not detract from the applicability or promise of the method. 
The fundamental principles of the method can be applied to any problem 
in which it is possible to make some determination of the number of 





insects involved, and their rate of reproduction. 

We are told, for instance, that the concentration of the corn borer 
(Pyrausta nubilalis) in cornfields of a certain area was 2 larvae per 100 
stalks in 1925, 8 larvae per 100 stalks in 1926 and 13 per 100 stalks in 
1927. Accepting certain published averages with regard to the rate of 
reproduction we may assign a value of 185 to the biotic potential. The 
environmental resistance for the period 1925 to 1926 will then be 46.25 
whereas it is 113.84 for the period of 1926 to 1927. It may be the 
assumption that the increase of 67.59 in the resistance was due to cer- 
tain control measures. However this may be, the fact remains that 
a theoretical value of 185 for the environment resistance is necessary 
to prevent further increase and that greater values are necessary to 
reduce the numbers. Upon examination of further data from the same 
source, it is found that in western New York environmental resistance 
had a value of 487.7 between 1921 and '22, 311.13 between 1922 and ’23, 
and only 48 between 1923 and '24. The change in environmental resis- 
tance in the critical period of 1926 to 1927 seems insignificant as compared 
to the changes which took place in other years in western New York. 
Consequently we find that we are not justified in drawing any con- 
clusions with regard to the cause of the reduction in the infestation in 
1927 or what portion of the reduction of infestation was due to control 
measures. 


In this case the chief contribution has been in translating what is 
known regarding the ratios of the potential and actual rates of increase 
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into a common denominator as environmental resistance. The result 
indicates the necessity for further critical work in order that we may 
measure the effect of various environmental factors and control measures. 
Until we adopt such critical measurements we shall never know whether 
we are making progress or not. 





PRESIDENT R. W. Harnep: The next paper is by W. V. Balduf. 


THE BIONOMICS OF POLYNEMA STRIATICORNE GIRAULT 
(MYMARIDAE, HYMENOPTERA) A PARASITE IN THE EGG 
OF THE BUFFALO TREE HOPPER, CERESA BUPALUS 
FABR. (MEMBRACIDAE, HOMOPTERA) 


By W. V. BaLpur, University of Illinois, Urbana, Til. 


(Withdrawn for publication elsewhere.) 


First Vice-President W. P. Flint assumed the Chair. 

Mr. L. O. Howarp: Are there hosts known for this species? 

Mr. W. V. Ba.pur: Hodgkiss reported four other species. 

First Vice-Presipent W. P. Firint: The next paper is by C. A. 
Weigel. 


RESULTS OF FORCING HOT WATER TREATED 
NARCISSUS BULBS 


By C. A. We1ceL, Entomologist,| Washington, D. C. 


ABSTRACT 


The treatment of dormant narcissus bulbs in hot water for a period of 3 hours 
at a temperature ranging from 110° to 111.5° F.is today recognized as a means of 
controlling infestation by the nematode, Tylenchus dipsaci Kuhn, the bulb flies, 
Merodon equestris and Eumerus spp., and the bulb mite, Rhisoglyphus hyacintht 
Boisd. The results of the first year’s experience, however, with this treatment of 
both home grown and newly imported narcissus bulbs were variable, success being 
attained in some sections while in others disastrous effects were noted. The causes 
of these failures, however, have not been clearly established. In some cases they 
were thought to be due to planting the bulbs while still hot and wet, i. e., without 
properly drying them before planting. In others they were attributed to very early 
planting, at a time when the soil temperatures were high and accompanied by either 


1Tropical and Sub-tropical Plant Insect Investigations, Bureau of Entomology, 
U. S. Department of Agriculture. 
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excessive moisture or dryness. Under such conditions it was thought that the bulbs 
were weakened and rendered more susceptible to attack by diseases such as basal 
and other rots which ultimately hastened their destruction. Some growers thought 
failure was due to possible overheating of bulbs, which may have occurred while the 
bulbs were in transit, or to improper storage before and after treatment. 

These facts forced attention to the need of carefully studying the many details 
involved in the hot water method as a basis for definite recommendations as to time 
and manner of treatment for the different localities where bulbs are grown. 

Experiments conducted during the past year, using paperwhite narcissi which 
were treated at 110° to 111.5°F., indicated that there was a general tendency toward 
better flower production in bulbs treated about August 11, as compared to those 
treated on September 1 and October 1. It was also determined that paperwhites 
will not tolerate the higher temperature of 115°F. At this temperature the number 
of individual flowers produced per spike was greatly reduced. 

In case of the trumpet narcissi, including Golden Spur, Emperor, King Alfred, 
Victoria, and Spring Glory, a very satisfactory crop of flowers was produced in both 
the treated and untreated lots. 

In general these tests indicate that the varieties of bulbs mentioned above can be 
given the hot-water treatment without materially reducing the degree and quality of 
flowering. It is also evident that when stock is treated at the right stage of growth, 
and handled properly before and after treatment, it may safely be shipped from 
one section of the country to another without great risk of loss from the treatment. 

A detailed account together with illustrations of these experiments, written from 
the viewpoint of the grower, was published in the August 4 and September 15, 1927, 
issues of the Florists’ Review. 


First Vice-PresipentT W. P. Fiint: The next paper is by Miss B. M. 
Broadbent. 


DEVELOPMENTAL HISTORY OF THE NARCISSUS BULB FLY 
AT WASHINGTON, D. C. 


By Bessie M. BrRoOADBENT, Junior Entomologist, Tropical and Subtropical Plant 
Insect Investigations, U. S. Bureau of Entomology, New Orleans, La. 


ABSTRACT 


The 1927 observations on the development of the Narcissus bulb fly, Merodon 
equestris Fab., varied slightly from 1926. These differences are largely due to tem- 
perature as indicated by analysis of the records in relation to environmental con- 
ditions. It is shown by partial correlation that temperature and time of day are 
important factors influencing the activities of the flies. New data on exact duration 
of larval period and total life cycle are presented. No evidence of two year larval 
period found. 


An account of the detailed life history of the Narcissus bulb fly, 
(Merodon equestris Fab.), at Washington, D. C. was published in an 
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earlier paper.' At that time no exact records on the duration of the 
larval period and the total life cycle were available. This deficiency 
has been remedied by rearing experiments completed during the spring 
of 1927. A comparison of these new data with the previous records for 
1926 disclosed differences in the duration of several of the developmental 
stages. Accordingly not only the recent data but the earlier records as 
well have been correlated with environmental conditions in an attempt 
to account for these differences. 


TEMPERATURE ReEcorpDs. Of the environmental conditions tempera- 
ture proved the most important factor. In this species the larvae feed- 
ing. in the bulbs, and the pupae just beneath the surface of the ground 
develop presumably at the temperature of the soil with which they are 
in contact. The eggs and the flies on the contrary occur above ground 
and are exposed directly to the prevailing air temperature. 

Soil temperatures in the outdoor screened insectary where the flies 
were reared were recorded three times daily, at 8:30 a.m., 12:00 m., and 
4:30 p.m. These readings have been compared with the Weather Bureau 
air temperature records for the same locality for the corresponding hours. 
There was a high correlation between the two series of records, with cor- 
relation coefficients as follows: 

At 8:30 a.m. r=.977 +.002 
12:00 m. r=.939 +.029 
4:30 p.m. r= .924 +.007 


The soil temperatures were somewhat more stable and appeared to 
change more slowly than the air temperatures. Thus for high air 
temperatures the corresponding soil temperature was not so high, and 
for low air temperatures the soil was usually slightly warmer. The 
greatest divergence occurred in the afternoon, and the closest agree- 
ment in the morning readings. 

In the absence of night readings on soil temperature, the mean daily 
soil temperatures have been assumed to diverge from the mean daily air 
temperatures as the 8:30 readings. The regression coefficient of soil 
temperature on air temperature was .926, and rectilinear throughout the 
range, (25° —89° F.). 


Ecc Stace. The average duration of embryonic development for the 
two years was 12.15 days (354 eggs) covering a range of from 10 to 14 





1Journal of Economic Entomology, Vol. 20, No. 1, pp. 94-113. 
The writer is indebted to Dr. C. I. Bliss for assistance in analyzing the data, and 


in preparing the present report. 
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days at temperatures from 17.1° to 20.5° C. The two years were in close 
agreement except for two aberrant individuals in 1927. These required 
17 and 19 days to complete the egg stage. 

LaRVAL Periop. Larvae which hatched between May 28, and June 6, 
1926 were carried through to pupation which was first noted on March 
16, 1927. At that time a number of larvae had already pupated. Judg- 
ing from the eversion of the anterior respiratory spiracles by these indi- 
viduals six days later, it is estimated that under the prevailing tempera- 
ture conditions the earliest pupation had probably taken place about 
March 11. The average length of the larval period based on records 
for sixteen individuals is 290 days, the maximum time being 303 days. 
As nine of these larvae averaged perhaps four days less than the observed 
records, the actual average probably lies between 287 and 290 days. 

The early pupation records may be explained in part by higher tem- 
peratures during the first three months of 1927, as compared with the 
corresponding interval in 1926. For example, during 1927 the mean 
daily temperature for January was 1.0° F. higher than normal; for 
February, 7.2°; and for March 4.6°. It has been shown by studies on 
the rate of development in Drosophila’, and other forms that a given 
change in temperature has a more marked efiect upon the duration of a 
stage when the prevailing temperature is low than when it is high. 
Departures from normal in mean daily temperature during the cold part 
of the year would be more effective therefore than an equivalent change 
during the heat of summer. 

In 1926 pupation occurred from March 25, to April 17, and was asso- 
ciated with an average daily temperature deficiency of 0.6° F. from 
January through March, which may have prolonged the larval period a 
few days. Pupation in 1927 was two weeks earlier, from March 11, to 
April 2, and these larvae had been exposed to an average daily tempera- 
ture excess of 4.3° from January to March inclusive. During a normal 
year therefore the larval period would probably average about 300 
days. 

No Two YeaAR Larvae. In studies of this bulb fly continuing over a 
period of three years from 1925 to 1927, we have found no evidence indi- 
cating that some larvae of this species may require two years to complete 
their development. In no instance have we found living larvae remain- 
ing in the bulbs the second summer. At the conclusion of our rearing 


*Temperature characteristics for prepupal development in Drosophila melanogaster, 
by Chester I. Bliss, Journal of General Physiology, March 20, 1926, Vol. 9, No. 4, 
pp. 467-495. 
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experiments we have found only empty puparia, and in a few instances 
dead larvae or pupae that failed to emerge. 

We have found very marked variation in the rate of growth of indi- 
viduals of the same age even when feeding in the same bulb, and feel that 
this could easily lead to inaccuracy in estimating their ages. For exam- 
ple, two larvae which hatched at the same time were measured after each 
had been feeding for sixty days. One larva was more than twice the 
size of the other. In another instance, two larvae measured exactly 
15 x 5mm., yet one was 161 days old, and the other only 92. 


Pupat Periop. Pupal development is divided into two unequal 
periods by the eversion of the anterior respiratory spiracles. The first 
period ends with the extrusion of these spiracles, and the second con- 
tinues until the final emergence of the fly. Based upon mean tempera- 
tures, corrected for soil readings, development to the first external ap- 
pearance of the spiracles is primarily dependent upon temperature. 
During the past two years these spiracles have been extruded in from 9 
to 26 days after pupation at temperatures varying from 7.3° to 12.7° 
The remainder of the pupal period varied from 24 to 44 days, and the 
corresponding range in temperature was 12.2° to 18.5° C. Due to the 
distinctness of the temperature ranges, the two stages of pupal develop- 
ment could not be satisfactorily compared. In both cases, however, a 
large temperature characteristic was indicated. 

In 1927 mean temperatures associated with the entire period were 
lower than those of the previous year, varying from 11.8° to 13.2° C., 
and the duration of the pupal period was correspondingly longer, ranging 
from 48 to 61 days, as compared with 33 to 50 days, at temperatures of 
from 12.0° to 15.7° C. in 1926. 


EMERGENCE. Ditferences in emergence noted in 1926 and 1927 show 
the dependence of emergence on time of day and temperature. On 
warm days, under favorable weather conditions, most of the flies come 
out between 7 and 8 in the morning or earlier. On cooler days emer- 
gence is delayed and may be scattered over the forenoon, continuing 
even into the afternoon. On cold wet days it may be deferred al- 
together. 

Conditions for the reaction of emergence are distinct from develop- 
ment as such and may tend to lengthen the pupal period, as in the case of 
Drosophila already cited. 


CopuLaTion. A day or two after emergence the flies are sexually 
mature and copulate. Copulation was observed to continue from 3 to 11 
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minutes, and averaged 6 minutes. Variation in the duration of mating 
was largely a function of the time of day. Copulation took place be- 
tween 8 a.m. and 3 p.m. The flies remained together longest in the 
morning, and the duration of copulation reached a minimum about noon 
after which time it varied only slightly for the rest of theday. Tempera- 
tures associated with mating ranged from 18° to 29° C. Above 22° C, 
temperature had very little effect on the time spent in copula. These 
two effects of time of day and temperature have been separated 
by partial correlation methods. The multiple correlation coefficient 
R=.63 +.13. 

Tota. Lire Cycie. Eggs laid from May 17, to 25, 1926 produced flies 
that emerged from May 4 to 20, 1927. The entire cycle from egg 
deposition to adult emergence, based on exact records for fifteen indivi- 
duals, varied from 346 to 363 days. The average time was 355.06 +.52 
days. 

Data on the longevity of cage-reared flies during 1926 and 1927 showed 
no significant sex differences in survival expectancy. The average 
length of life, based on a total of 134 flies of both sexes, was 15.6 days. 
Adding this to the average time of development from egg to adult gives 
370.66 +.52 days for the duration of the total life cycle. 


President R. W. Harned resumed the Chair. 


PRESIDENT R. W. HaRNED: The next is a paper by F. A. Filinger. 


OBSERVATIONS ON THE HABITS AND CONTROL OF THE 
GARDEN CENTIPEDE, SCU7IGERELLA IMMACULATA 
NEWPORT, A PEST IN GREENHOUSES 


By Geo. A. FILINGER, Ohio Agricultural Experiment Station 


ABSTRACT 
The garden centipede, Scutigerella immaculata Newport, is becoming a serious 
pest in greenhouses. This paper discusses some of the habits of this pest and deals 
with some of the control measures which have been tried and found to be of value. 


During the last few years the so called garden centipede (a Sym- 
phylid), Scutigerella immaculata Newport, has proven a pest of con- 
siderable economic importance in greenhouses of Illinois, Indiana, New 
York and Ohio. Woodworth (1905) reported injury to asparagus in 
California and was perhaps the first to point out the economic import- 
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ance of this pest, while damage to greenhouse crops was first reported 
by Davis (1912), who states that fern-asparagus and smilax were injured 
in Illinois as early as 1908. Within the writer’s experience, lettuce, 
cucumbers, tomatoes, sweet peas, snapdragons and smilax growing under 
glass have been severely injured, occasionally amounting to a total loss 
of the crop. Moreover during the summer months outside crops in the 
vicinity of the houses have been attacked. In general, therefore, it may 
be said that the garden centipede will live on a wide range of living vege- 
table tissue and perhaps upon decaying vegetable matter within the soil. 


Lire History anv Hasits. Eggs are laid during the early part of the 
summer in the subsoil runways of the creatures, usually in clusters of 4. 
to 20. They are white, spherical, about '% millimeter in diameter and 
decorated with a network of ridges. At room temperatures the eggs 
hatch in about 14 days. When the larvae first hatch they have ten 
dorsal scuta, six pairs of legs and six-jointed antennae. First molting 
takes place in one to four days, usually within 24 to 36 hours. Another 
pair of legs is added at this molt and the creatures become very much 
more active. At each successive molt, which occurs 7 to 14 days apart, 
a pair of legs is added until the creatures have 12 pairs. This, however, 
cannot be considered a mark of maturity since some individuals have 
been observed to molt twice after the twelfth pair of legs was acquired. 

Rearing of these creatures is done in petri dishes on a thin layer of 
soil and in Stender glass dishes into which is poured a “‘muck-plate’”’ 
made by mixing 10 parts plaster of Paris and 3 parts of finely ground 
muck. Plaster of Paris rearing plates were first used by E. M. Searls 
of the Bureau of Entomology for rearing the cucumber beetle and from 
this was developed the plaster of Paris-muck plate. The latter is pre- 
ferred because it is much easier to find white eggs on its surface and 
to observe the whitish creatures as they move about on the plate. 
Lettuce leaves are placed on the surface of the plates for food and as 
a hiding place. Rearing records show that the creatures may live 11 or 
12 months. 

In their search for food, breeding places, etc., the garden centipedes 
do not seem to be able to make their own burrows through the soil, 
hence they depend upon other means, such as earthworm burrows, 
cavities left by decaying roots and on natural soil crevices. The crea- 
tures line these passageways with a light webbing. They seem to ‘“‘feel”’ 
their way with their antennae along these webs as they move about. 

There are several possible ways of spreading the garden centipedes. 
As they are found out of doors in the truck fields and in undisturbed soil 
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along streams the pest can easily be brought into greenhouses with any 
soil moved in. Manure is often stacked outside of greenhouses and be- 
comes infested. The creatures are then taken into the houses with the 
manure used. The exchange of plants may be a means of spreading 
the pest. 

Injury to crops is done to the underground parts or parts in contact 
with the soil. The creatures destroy the fine root hairs and small root- 
lets, thus stunting the plants and often killing them outright. Small 
depressions are often gouged out about the crown of plants and small 
holes are drilled into such root-plants as beets, carrots, and radishes. 
Where plant leaves happen to lie flat on the ground they are riddled with 
holes. 

Injury to greenhouse crops usually starts along the paths or walls 
where the soil is undisturbed by cultivation, indicating that the undis- 
turbed soil harbors the pest and has unbroken burrows through which the 
creatures can move out to plant roots. As earthworms and other 
forms move out from under paths the centipedes follow the burrows 
into the plant beds. 

With the approach of warm weather in the spring, under greenhouse 
conditions, the creatures move down into the moist subsoil to a depth of 
about 18 to 36 inches where they lay eggs and spend the summer. The 
centipedes seem to be able to live a long time on the organic matter in 
the soil. In the fall, following the moistening of the soil and the start- 
ing of crops, the centipedes again migrate to the upper layers of soil and 
feed during the fall and winter on plant roots. 


ContTrRoL. There are at least two species of true centipedes which 
have been observed to prey on the garden centipedes. One species, 
Lithobius forficatus, Linn., is a dark-brown creature about an inch long. 
The other, Poabius bilabiatus Wood, is a much smaller, light-brown 
centipede. The writer had occasion to visit a greenhouse where these 
two species were numerous and were no doubt responsible to a great 
extent for the control of the garden centipedes which ruined crops in this 
house for several years before the predaceous forms became abundant. 

Where practical, raised benches should be used; thus breaking the 
connection with the subsoil where the creatures seem to breed. Plants 
grown in raised benches are seldom affected by the garden centipedes. 

Thoroughly working the soil in the intervals between crops when the 
pest is still in the surface layers always checks them as many are killed by 
this process. Then too the burrows and passageways are broken, 
decreasing the possibilities of the centipedes getting to plant roots. 
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When the plants are first set out they should be watered lightly. If 
the beds are soaked heavily, earthworms and other forms will come to 
the surface, leaving burrows and passageways for the centipedes to 
follow. Watering can be increased after the plants have become estab- 
lished. 

Paradichlorobenzene has proven a good soil fumigant in controlling 
the garden centipedes. This should be applied during the summer or 
early fall while the creatures are still in the subsoil. The surface soil is 
removed and the material scattered on the subsoil at the rate of 1% 
pounds to 100 square feet. The surface soil is then replaced. Not only 
does the paradichlorobenzene serve as a barrier but undoubtedly many 
of the centipedes are killed by the slowly generated gas. Care should 
be taken to keep this material from coming in contact with plant roots. 

Steam sterilization with the tile system is perhaps the most effective 
control yet devised. This must be done during the part of the year 
when the creatures are in the upper layer of the soil, above the tile. A 
good way is to moisten the soil in the early fall, thus cooling it. A scat- 
tering of lettuce seed will help to attract the pest to the surface. When 
the creatures are seen feeding on the lettuce-seedling roots, sterilize 
throughly, heating a whole bed at a time if possible. All paths should be 
spaded up so as to allow heat to penetrate the soil and to break up the 
harboring places. 

In conclusion it may be said that permeating the whole matter of 
control is general sanitation and also the correlation of the method 
employed with the seasonal activities of the pest. 


ADJOURNMENT: 2:30 o'clock. 





Section of Apiculture 
Tuesday Afternoon, December 27, 1927 


The meeting of the Section of Apiculture, held in connection with the 
Fortieth Annual Meeting of the American Association of Economic 
Entomologists, at the Y. M. C. College, Nashville, Tennessee, convened 
at 3:15 o'clock, Mr. F. E. Millen, presiding. 

CHAIRMAN MILLEN: The meeting will now come to order. 

The first paper on the program this afternoon is the Chairman’s 
Address. I will ask Mr. Nolan to take the Chair. 


Mr. W. J. Nolan took the Chair. 
Mr. Millen read his address: 
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UNDERGRADUATE COURSES FOR APICULTURE SPECIALISTS 


By F. E. Mitten, Guelph, Canada 


The science of Apiculture has developed from a small beginning twenty 
years ago, when the teaching of Apiculture in the colleges of North 
America could be counted on the fingers of one hand. Today the subject 
is recognized as a distinct branch of biology in a large number of educa- 
tional institutions. 

Students in Apiculture no longer have to face the often thinly veiled 
hints of pity from friends, when they know one has decided to enter this 
field as a life’s work. This was a common occurrence a few years ago 
and many a man was thought literally to ‘“‘have a bee in his bonnet.” 
The early entomologists passed through the same experience. Results 
have long since proved, however, that the Agriculturist would have found 
it impossible to have continued in business if it were not for the ceaseless 
efforts which the entomologists have made and are still making. Un- 
told millions of dollars have been saved to the country, by the untiring 
work of these men. The aim of the Apiculturist should be to serve the 
same purpose, to those keeping bees, as the entomologists have in the 
broader field. To be best fitted it must be ‘Science with practice.”’ 

For the first and second years a general course, including the usual 
subjects leading to the Bachelor’s degree in Agriculture seems advisable. 
If an elementary course in Apiculture, with some practice, is included, 
those students interested in specializing in this branch are given the 
opportunity of continuing, should the desire be aroused. Compara- 
tively few students, on entering college, have decided to specialize along 
any one line of agriculture and the generalized courses in the Junior 
years, while broadening the mind often open the way to one particular 
field. The Apiculturist should also have a wide knowledge of farm 
practice, because this information is helpful in creating a bond of sym- 
pathy between the Scientist and the Agriculturist in all future work. 

Once the student has decided that Apiculture is to become his major 
work, the need for a thorough understanding of the practical side of 
beekeeping cannot be too strongly emphasized. We require at least 
two summers to be spent with a commercial beekeeper and one season 
in apiary inspection work. The student who fails to secure this experi- 
ence early in his career cannot expect to reach the goal of highest ambi- 
tion, to serve “‘Science and Practice,’’ and a knowledge of men are essen- 
tial if the final results are to prove lasting and satisfactory. As Charles 
E. Hughes has said, ‘‘In all our educational schemes it must be never 
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forgotten that you cannot by the study of books alone, obtain the equiva- 
lent of contact with men.” Let us be sure then, that at the beginning 
our students in Apiculture are intensely practical and have a knowledge 
of men. In this way they are better fitted to grasp the needs of solving 
the many problems which call for the aid of Science. During the Senior 
years the student will understand the reason and necessity for a course 
based on biological subjects, together with minor courses to prepare for 
graduate study later. It must not be forgotten, too, that there is a busi- 
ness side to Apiculture. The beekeeper is now faced with the situation, 
similar to other agriculturists, in that there is little spread between the 
costs of production and the price received for apiary products. For 
these reasons the student well trained in phases of economics, organiZa- 
tion and marketing, may increase his usefulness to the people he hopes 
to serve. 

If these needs are kept in mind the graduating student will be fitted to 
start work immediately, or he will be in position to continue graduate 
work with profit: 





CHAIRMAN NOLAN: I am sure few teachers in North America, at least, 
have had as much experience as Professor Millen in teaching beekeeping. 
As you all know, Professor Millen is the only one teaching beekeeping 
on this continent who has a separate building to house his own depart- 
ment. Professor Millen’s paper is now open for discussion. If there is 
no discussion Professor Millen will resume the Chair. 


Professor Millen resumed the Chair. 


CHAIRMAN MILLEN: The next paper will be by Mr. George E. Marvin. 
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THE OCCURRENCE AND CHARACTERISTICS OF CERTAIN 
YEASTS FOUND IN FERMENTED HONEY' 


By GeorGe E. Marvin, University of Wisconsin 


ABSTRACT 

The fermentation of extracted honey after canning is a cause of much worry on 
the part of Wisconsin beekeepers, when a part of the crop has to be held over from 
one year to another. It was formerly believed that only unripened honey would 
ferment and sour. Thoroughly ripened honeys with a moisture content between 14 
and 20% have been found which contain the potential elements for souring. Upon 
storage and with subsequent granulation of the honey, fermentation may begin. 

Several yeasts in the group zygosaccharomyces have been isolated and determined 
as new to science. Of the three known species, only one has so far been found. 


INTRODUCTION 


The fermentation of extracted honey after canning is the cause of 
much worry on the part of beekeepers in all parts of the United States, 
whenever a part of a crop must be held over during a period of from six to 
eighteen months. In such instances, it is usually considered that the 
honey was not properly prepared by the beekeeper, and perhaps it had 
been extracted before being thoroughly ripened by the bees. However, 
many recent cases have come to our attention, which show that, even 
though the beekeeper may have done everything possible in the way of 
preparing his honey for market, fermentation has appeared after a 
number of months in storage. The exact details of the cause of fermen- 
tation have not yet been completely worked out, but a complete investi- 
gation of the effect of storage upon the keeping qualities of honey is now 
under way at the Wisconsin Agricultural Experiment Station under the 
direction of Professor H. F. Wilson, of the Department of Economic 
Entomology, and Dr. E. B. Fred of the Bacteriology Department. 

At the present time, I am presenting one phase of this problem, upon 
which I have been working during the past year. This phase consists of a 
study of the occurrence and characteristics of certain yeasts found in 
fermented honey. During the course of the work, five different strains of 
the yeasts have been cultured from fermented honey, and sufficient work 
has been done with the characteristics of these five strains to show that 
each one is distinct, and no doubt in the course of future work, additional 
distinct strains will be found. 

Although some work has been done on these yeasts in European 
countries, there are no published records to show that any American 
investigator has made an attempt to study these organisms. 


‘Contribution from the Departments of Entomology and Bacteriology of the 
University of Wisconsin. 








, 


os 


JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 21 


HISTORICAL 


Shutt in 1902 observed that honey from uncapped or only partially 
capped combs is higher in moisture and is of decidedly poorer keeping 
qualities than honey from fully capped combs. 


A. J. Cook, in 1908, wrote, “‘All sugars if very dilute are the best 
pasturage for micro-organisms. Vinegar is the result of such action. 
Our unripe honey illustrates the same truth when it sours. In the action 
of these germs, not only is acetic acid produced, but, as surely, carbon 
dioxide gas. Barrels of unripe honey are likely to burst from this cause, 
as I once witnessed in the warehouse of Newman in Chicago.”’ 


Klécker, about 1904, isolated Zygosaccharomyces priorianus from the 
bodies and honey sacs of honey bees. The cells of this organism are of 
various forms; round, oval, or elongated, and firmly attached together so 
that the sedimental yeast forms a coherent mass. The spores are round 
or oval and generally 2-4 in a cell. The species ferments glucose, 
levulose, maltose and sucrose, but not lactose. 


Nussbaumer, in 1910, isolated two species of Zygosaccharomyces from 
fermented honeys. Species A ferments glucose, fructose, maltose, 
mannose, sucrose, dextrin and galactose. It ferments xvlose and raffi- 
nose feebly. Species B ferments glucose, fructose, mannose, sucrose, 
dextrin and galactose. It ferments xylose feebly. 

Richter, in 1912, isolated Zygosaccharmyces mellis acidi from fer- 
mented honey. During fermentation, alcohol and acid were produced. 
This species ferments glucose, fructose and sucrose strongly and galac- 
tose feebly. 

Root, H. H., in 1918, wrote, ‘Probably not one beekeeper in a hundred 
can tell by the taste or appearance whether extracted honey, when put 
in cans and kept in a dry place, is proof against fermentation. It is 
impossible for all honey to find its way to the home of the consumer 
within six or even nine months from the time it is produced. The 
supreme test comes when honey is kept until January, February and 
on into March and April. Honey which was granulated hard when first 
bought, was kept in a warm, dry room, fermented and expanded the cans 
so that they burst. This honey was not extremely sour to the taste and 
yet there was a very perceptible flavor of fermentation, practically 
ruining the whole lot. Someone extracted the honey too green. The 
mere fact that honey is granulated hard at first is not by any means 
proof that it is entirely ripe. This honey was apparently all right in 
November.”’ 
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T. Jimbo of Japan, in 1926, says, ‘‘I have investigated the nectar of 273 
flowers of 23 species of plants. Almost all of them were infected with 
yeasts which could be distinguished in 23 forms, 10 forms of which were 


” 


rare. 

Griiss, in 1927, isolated what he called nectar yeasts from the flowers 
of an Alpine plant naming them Anthomyces alpinus and Microanthomy- 
ces alpinus. Both yeasts ferment glucose and fructose, but Anthomyces 
ferments the latter more rapidly than the former while Microanthomy- 
ces acts conversely. Giant colonies formed on agar by the latter are 
larger than those of the former. 


MATERIALS AND METHODS 


SAMPLES OF FERMENTED Honey. Strains J and IA. These strains 
were isolated in March, 1926, from honey which was produced in the 
University apiary. It had been extracted in August, 1925, strained while 
cold and allowed to stand in a large closed tank in the extracting room. 
By the first part of September, this honey had partially crystallized, but 
would ooze slowly from the honey gate on opening it. It was then 
allowed to run into wax paper cartons for hardening. Ordinarily, honey 
becomes quite solid within a month, but, instead of hardening in the 
cartons, it became more liquid and bubbles of gas were observed by 
November. Three cartons full were emptied into each of two five pound 
pails, with the covers put on in the ordinary way. Before long, a round- 
ing of the bottoms of the pails was observed, showing that gas was held 
within under pressure. These pails were selected for study and from 
these samples, the first two strains of yeast were isolated. 


Strain A. This yeast was isolated from a ten pound pail of honey 
which was sent in for the Miller Library Fund in October, 1926. The 
pail was allowed to stand at room temperature for some time. The 
honey was crystallized and fermentation became apparent from the odor 
and scum on the surface. 


Strain B. This yeast was isolated from a six pound square can of 
honey sent in for the Library Fund in November, 1926. The honey was 
of amber color and semi-solid when first received. Due to the odd sized 
container, the honey was not sold, hence remained in the office for several 
months. The cover was loosely on and before long, honey began to be 
forced out. On examination, we found that fermentation had set in. 
As fermentation continued, the honey became thinner until it could be 
poured from the opening quite readily. 
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Strain C. This yeast was isolated from fermented honey brought to 
the office by a beekeeper in the city. He did his extracting as usual in 
August, 1926. The honey was strained while cold and put in a storage 
tank. Some was drawn off from time to time, heated and put in jars 
and containers for sale. As the season advanced, there were still several 
hundred pounds in the tank and fermentation became apparent. The 
beekeeper brought a pound glass jar of it to the office. Bubbles were 
noticed all through the sample and it looked as if there was a rapid fer- 
mentation going on. The sample was crystallized, but as the fermenta- 
tion advanced, the honey became more liquid. 


THE ISOLATION OF YEASTS 


The Media. Some difficulty was encountered at the beginning of the 
problem in getting a honey medium upon which to grow the yeasts 
isolated from fermented honey. Finally, a medium was made up of 
yeast water, agar, and honey on which the yeasts thrived. 

This medium was made by dissolving washed agar in the yeast water 
and adding honey. The following proportions were used: yeast water 
l part, and 3 percent washed agar. This medium was 
then tubed for slopes and petri dishes or put in 100 cc. flasks for giant 
colonies. They were then sterilized for 30 minutes at 15 pounds pres- 
sure. If sterilization takes place longer, the honey will caramelize and 
turn dark. Also, due to the acid contend of the honey, the agar will be 
hydrolized to some extent and then the medium will not harden. 

Metuops UseEpD IN Piatinc. Three different methods were used in 
isolating the organisms from a sample of fermented honey 

1. The honey-yeast water-agar medium was melted and cooled to 
45°C. <A loopful of the fermented honey was added and after 
thoroughly mixing, the medium was poured into a sterile petri dish and 
allowed to harden. 

2. The medium was liquified, poured into a sterile petri dish and al- 
lowed to harden. The hardened surface was then streaked with a needle 
which had been inserted previously into fermented honey. 

3. Four or five loopsful of fermented honey were put into a tube of 
sterile water. This was shaken so as to dissolve the honey and the tube 
was then centrifuged. The clear liquid on top then was drawn off. A 
loopful of the heavier material on the bottom was used as an inoculant 
and then the first procedure was followed. 

IncuBATION. The petri dishes thus inoculated with samples of fer- 
mented honey by any of the foregoing methods were placed under vari- 
ous conditions to incubate. 
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1. At room temperature and at 82°F. 

2. In Anaerobic jars at room temperature and 82°F. 

3. Under vacuum at room temperature and 82°F. 

Within five or six days,those dishes incubated at room temperature and 
also within two or three days the ones at 82°F. began to show growth. 
Small round white colonies became visible. A microscopic examination 
proved these colonies to be yeasts. No growth at all was noticed on the 
plates incubated in anaerobic or vacuum jars. 

These operations were repeated many times, using different samples of 
fermented honey from various sources and each time yeast colonies 
were the only organisms that grew. Thus, we can safely say that the 
fermentation or souring of honey is undoubtedly caused by yeasts. So 
far in the work, five strains of yeasts have been isolated from fermented 
samples of honey. All are able to grow in very concentrated solutions of 
honey. Further analytical methods, however, will have to be employed 
before we can state definitely whether these strains are entirely distinct 
species. 

Giant colonies have been grown from each yeast. In raising giant 
colonies, 100 cc. Erlenmeyer flasks were used. Fifty cc. of honey-yeast 
water-agar medium was put into each flask, after which they were 
plugged and sterilized. A sterilized needle was used to fish off a colony 
from the petri dish and the center of the hardened sterile medium was 
then touched with this needle. Within a day or so growth began to 
appear. In about two months, the colonies would be from one to one 
and one-half inches in diameter. 

This procedure was followed in raising several hundred colonies, and 
out of the whole number only five distinct forms appeared which are 
shown in the following plates. 

EXPERIMENTAL RESULTS 

1. Liquid samples of honey, when inoculated with fermentation yeasts, 
have a tendency to granulate or crystallize. Crystallization seems to be 
bound up some way or another with fermentation. More work will have 
to be done on this before any conclusions can be drawn. 

2. All of the five yeasts isolated from fermented honey,ferment glucose, 
levulose and mannose. Strains A and C ferment sucrose, while the latter 


also ferments maltose. 
The following sugars were used: 
A. Pentoses: xylose 
B. Hexoses: glucose, galactose, mannose, levulose 
C. Disaccharides: sucrose, maltose, lactose 
D. Trisaccharides: raffinose, melezitose 
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The fermentation was carried on in test tubes with 10 cc. of a 10% 
sugar solution in each tube. 


3. The five strains of yeast can be separated into three groups relative 
to ring formation in a flask of fermenting wort. Strain A forms a very 
light ring; Strains 1, 1A and B form a medium heavy ring while strain C 
forms a very heavy ring. 


4. Moisture determinations were made on various samples of fer- 
mented honeys and on one unfermented. The crystals and liquid part 
were separated and determinations made on each. 


Sample I—A fermented honey which was granulated—26.6%. 

Sample II—A liquid sample fermenting in the comb. The cells were 
uncapped—28.5%. 

Sample II]—Granulated, fermented honey—20.7%. 

Sample IV—Unfermented—Coarse crystallization— 16.3%. 

Sample V—The crystals separated from Sample IV—11.75%. 

Sample VI—The liquid part separated from Sample IV—20.8%. 


5. From experiments carried on so far, it appears that yeast cells are 
found in almost all honeys and when they are diluted, fermentation sets 
in. We know yeasts are very widely distributed everywhere in nature 
and apparently they find their way onto the pollen and into nectar and 
are so carried to the hive by the bees. A recent experiment shows that 
pollen stored within the hive contains large numbers of yeasts. 

On microscopical examination of honeys, many grains of pollen are 
apparent. During the process of the ripening of honey, the yeast cells 
are not killed and are so found in most honeys in a dormant state. When 





PLATE 7 


Strain I.—1, shows the natural size of a two months old giant colony, reared on a 
20% honey medium. See page 365 for isolation; 2, the same colony enlarged 
nearly two diameters. 

Srrain 1A.—3, shows the natural size of a two months old giant colony, reared on a 
20% honey medium. See page 365 for isolation; 4, the same colony enlarged 
nearly two diameters. 

Strain B.—5, shows the natural size of a two months old giant colony reared on 
20% honey medium. See page 365 for isolation; 6, the same colony enlarged 
nearly two diameters. 

PLATE 8 


Strain A.—1, shows a two months old giant colony enlarged nearly two diameters; 
2, colony three moths old enlarged nearly two diameters. 

Strain C.—3, shows the natural size of a two months old giant colony reared on 
20% honey medium. See page 366 for isolation; 4, the same colony enlarged a 
little less than two diameters. 
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the right conditions are brought about in the honey, the yeast cells begin 
to multiply and so cause the honey to ferment. 

6. Honey heated to 160°F. does not ferment, due to a killing of the 
yeasts. In Plate 10, the two flasks on the left were heated to 160°, 
while the two flasks on the right were kept as checks. Within two 
months, an active fermentation had set in for those not heated. These 
samples were extracted early in the season, before the bees had fully 
capped the cells and had sufficient time to ripen the honey. This also 
shows that yeast cells are present in honeys when taken from the hive. 

7. Fermentation can also be prevented by keeping honey at 52°F., for 
at that temperature the yeasts will not bud or grow. 

8. Pollen stored in the combs within the hive contains large numbers of 
yeast cells, so if much pollen is found in the honey, yeast cells are almost 
certain to be there, also. 


How YEASTS ARE STUDIED 


The various yeasts are studied in water mounts stained with Rose 
Bengal. Vaseline is placed around the sides of the cover slip to prevent 
drying out. 


SUMMARY 


Fermentation of honey is caused by yeasts. Yeast cells appear to be 
in most honeys and when osmotic pressure on the cells is decreased, 
they begin to grow, causing a souring or fermenting. Ethyl alcohol and 
carbon dioxide are given off in the process. By heating honey to 160°F., 
and pailing while hot fermentation can be completely prevented. Honey 
which is thoroughly capped is not proof against fermentation. 

Fermentation of honey is a very serious problem among Wisconsin 
beekeepers. Up to the present time, only three species of honey yeasts 
have been described, all of these in Europe. 

In the present work, we have found what appears to be five distinct 
strains or species. These five strains have been indicated by the follow- 
ing numbers— 


Strain 1 —Plate 7, fig. 1, 2 
Strain 1A—Plate 7, fig. 3, 4 
Strain A —Plate 8, fig. 1, 2 
Strain B —Plate 7, fig. 5, 6 
Strain C —Plate 8, fig. 3, 4 
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CHAIRMAN MILLEN: The paper we have just listened to opens up a 
wonderful possibility for the bee-keeper. I believe I am right in saying, 
generally speaking, the practical bee-keeper himself has not appreciated 
the seriousness of the fermentation of honeys in the past years, for the 
reason that until the last few years we have had few organizations 
which would hold honey off the market for a certain length of time. 

This question of fermentation, as Mr. Marvin said, is important in 
Wisconsin, and I assure him it is equally important in Ontario. We did 
not realize the serious condition until the last three years. Since that 
time we have held over thousands of pounds of honey in a warehouse for 
four, five or six months, depending upon conditions. It is remarkable 
the amount of honey that has fermented. 

This also brings out another very valuable point, showing the need 
today for research on a good many problems which the bee-keepers 
have, and which it is impossible for the practical bee-keeper to find out 
about himself. 

F. C. Pettett: What did he find by heating the honey? Would it 
keep permanently, or would the yeast develop later? 

Georce E. Marvin: In the last year the yeast has not showed up. 
We have only treated it two years. 

CHAIRMAN MILLEN: Is there any other discussion’? If there is no 
other discussion, before the next paper is presented, I should like to 
appoint: W. J. Nolan, G. E. Marvin and E. J. Anderson as the Nominat- 
ing Committee, and we will be very glad if that committee will meet as 
soon as possible, and bring in their recommendations before the close of 
the meeting. 

Mr. F.C. Pevvtett: Mr. Millen will read his paper. 





PLATE 9 

1.—-Two samples of fermented honey. The honey at first was all candied and as 
the fermentation worked down, the honey became liquified. There is a heavy scum 
on the surface which contains large air bubbles of carbon dioxide. If fermented 
honey is in a tin container, the gas under pressure causes the top or bottom to 
swell out. 

2.—There are two simple sugars found in honey; when it crystallizes it is the dextrose 
which granulates and the levulose which remains liquid. Upon separation, the 
moisture content is found to be considerably higher in the liquid part than in the 


granulated part. 
PLATE 10 


HEATING HONEY PREVENTS FERMENTATION 
The above four flasks contain samples of the same honey. The two flasks on the 
left have been heated to 160°F. in a water bath. Those on the right have not 
been heated and after two months, fermentation set in, showing that yeast cells 
were present in the honey. 








Plate 9 
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AREA CLEAN UP OF FOULBROOD 
By F. E. MmL_en, Guelph, Canada 


This paper deals entirely with American foulbrood. Apiary inspec- 
.tion for the control and eradication of American foulbrood has been 
carried on for many years in some states of the Union and since 1890 in 
the province of Ontario. 

The discussion of foulbrood in beekeepers’ conventions is probably 
the oldest and most discussed of all subjects relating to the keeping of 
bees. ‘‘Where there is smoke there must be fire’ and those engaged in 
apiary inspection, in those states or provinces where the keeping of bees 
has been practised for many years, fully appreciate the destruction and 
loss occasioned by American foulbrood. 

Apiary inspectors and those in charge of apiary inspection realize that 
the control and final eradication of American foulbrood is a very serious 
problem which calls for constant vigilance, a great deal of hard work and 
very thorough organization. 

The province of Ontario is a typical example of a number of the states 
and my experience in Michigan and Iowa proves to me that in these 
cases, at least, one finds the same conditions which may be met with 
similar remedies. While the subject of foulbrood is perennial, the laws 
relating to its control have undergone changes during the last seven 
years which have materially helped the situation. The results show that, 
however serious and prevalent, this foulbrood can be eliminated to the 
point where it ceases to be a serious menace to the beekeeping industry 
and can actually be eradicated from a given territory provided the law is 
clear and the majority of the beekeepers desire the eradication of this 
disease. 

Foulbrood acts, in the states and provinces, vary and in some cases the 
efforts to eliminate American foulbrood are not meeting with success. It 
would aid the earlier eradication of this disease if the laws relating to the 
control of foulbrood were identical. This however, must take time be- 
cause after all the beekeepers themselves must be brought to the point 
where they see the need for this action. 

Having had charge of apiary inspection under both educational 
and regulatory forms of Foulbrood Acts I believe that neither one 
of these forms alone is as good as a combination of the two. 
The educational form of the act does not give the apiary inspector 
much opportunity to control foulbrood or prevent its spread. 
Money expended therefore loses much of its value because of the fact 
that most beekeepers are human, and if allowed, try to minimize their 
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original loss by salvage. In many instances the salvaged material 
means a much heavier loss to the individual before American foulbrood 
is eradicated from the infected apiary, besides which it often spreads to 
nearby clean apiaries. With the foulbrood Act a regulatory one only, 
much ill feeling is aroused among the beekeepers and the apiary inspec- - 
tion is unpleasant, very costly and does not secure the most desirable 
results. I have found that an act which contains the educational 
features with certain of the regulatory clauses included, gives the best 
and most lasting results. 

After all a Foulbrood Act is only a means to an end and the methods of 
carrying out the provisions of the act are extremely important. Experi- 
ence shows that before the act can be successfully operated, those in 
charge of apiary inspection must bring about a receptive attitude in the 
minds of the beekeepers themselves. The organization of county bee- 
keepers’ associations provides an excellent means to accomplish this end. 
Experience proves that if the beekeepers can be shown the good which 
will result from a certain form of apiary inspection and their enthusiasm 
leads them to petition the department to carry out the act, the best 
results are obtained. 

Foulbrood acts should contain among other essentials, registration of 
beekeepers, necessity of securing permit before selling or moving colonies 
or used apiary supplies, a quarantine clause and a stiff penalty for the oc- 
casional batl man among the beekeepers. 


REGISTRATION OF BEEKEEPERS. One of the important features of the 
area clean up of American foulbrood is to be certain that every bee- 
keeper in any given area must be visited by the inspector and his colonies 
and equipment thoroughly inspected. We have found that in most 
diseased areas there are 1 or 2 beekeepers who are usually the cause of 
the spread of disease and should one of these be missed, the inspection 
work already accomplished is nullified. To make registration as nearly 
complete as possible a registration fee is also desirable for a double 
purpose, first a number of men are keeping bees who have absolutely no 
interest in the business. These men rarely touch their colonies, know 
nothing of the brood diseases and generally are a menace to all other bee- 
keepers. In these cases a registration fee will cause them to dispose of 
their colonies and equipment, a desirable feature from all viewpoints. 
It also seems unfair that the government should advance al! the money 
for apiary inspection work in any given state or province. The registra- 
tion clause must be enforced to be of practical value, this of course must 
not be done until beekeepers have had a fair chance to comply with the 
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provisions of registration. In Ontario we believe there are 9,000 or more 
keeping bees. The registration fee is $1.00 per apiary, regardless of the 
number of colonies, with a maximum of $5.00 for any one beekeeper. 
The first year nearly $4,000 was secured from registration, the second 
year over $5,000 and the third year over $6,000. At the end of the 3rd 
year prosecutions were commenced against those not registered and 
the registration receipts immediately increased to a very appreciable 
degree and we hope that by the end of the 4th year registration will be 
much more complete than formerly. The requirements for registration 
also give valuable statistics as to the number of colonies and amount of 
honey produced in any given county or province. We are finding 
registration of considerable aid in our apiary inspection work. 

Every foulbrood act should contain a clause making the securing of a 
permit essential before colonies or used apiary supplies can be moved, 
sold or given away. Robbing excepted, we find that the movement of 
colonies and infected material is the greatest, and most dangerous source 
of the spread of American foulbrood. The damage caused is often much 
more severe than in robbing, because the disease is often introduced to 
clean areas. A penalty must be added to this clause and applied in 
flagrant cases. 


QUARANTINE CrLause. This appears to be a means to an end and 
where a county is free from American foulbrood there is no better way of 
keeping it clean than to prohibit the entry, into the county, of any 
colonies of bees or used apiary supplies. Package bees under supervision 
are excepted. We find the quarantine clause very helpful, especially 
where the beekeepers in the county are well organized, once beekeepers 
feel that their vicinity can be kept free from foulbrood, if other colonies 
and used supplies are excluded, they will cooperate in every way and 
information is secured at once if the quarantine is broken. 

Every foulbrood act must contain penalties if American foulbrood is 
to be eradicated. While the penalty is seldom needed, there are cases 
where the infliction of a fine has a wholesome effect and tactfully applied 
it makes for greater efficiency in apiary inspection. 

Area clean up of American foulbrood does not give results unless the 
beekeepers in the county or area demand it. This is where the apiary 
inspector has his chance and it is surprising what can be accomplished 
by wise propaganda. Once the beekeepers are brought round to the 
point where they want this disease to be cleaned out it is only a matter of 


time until it becomes a fact. 
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In area clean up the inspectors must be imbued with the right spirit. 
Inspectors must possess a great deal of personality and must at all times 
treat every beekeeper exactly alike, regardless of whether the beekeeper 
owns 1 or 1,000 colonies. This treatment gradually earns respect and is 
worth a great deal in future work. 

The day for treating colonies of bees infected with American foul- 
brood should be a historical fact only. All the evidence I have been able 
to gather shows that the treating of colonies infected with American foul- 
brood proves a boomerang. There are exceptions, but while beekeepers 
are allowed to treat colonies, once the inspectors find the disease, we 
cannot hope to eradicate the disease. 

Conditions are vastly different now compared with a few years ago. 
Today the beekeeper can minimize his loss by treating his surplus combs 
and equipment so that the repetition of the disease is avoided. Apiary 
inspection under the area clean up plan also differs from the older form 
of inspection. With the area clean up plan in operation, the work must 
be thorough and must be repeated, even after the area is thought to be 
clean. The beekeepers in the area must also realize that unless the 
greatest cooperation with the inspection service is continued, the area 
may become reinfected. 

We owe a debt of thanks to Wisconsin for their early efforts in the 
area clean up of American foulbrood and hope their work will be the 
means of showing other states and provinces that American foulbrood 
will always be with us if we believe it cannot be eradicated, on the other 
hand our experience shows that properly conducted the area clean up 
will eradicate this disease and make beekeeping that much more profit- 
able for the beekeeping industry. 





CHAIRMAN PELLET: Mr. Millen has opened some very interesting 
subjects for discussion. Does anyone wish to add anything to this 
paper? 

Mrs. Grace ALLEN: What about honeys in infected areas that are 
being cleaned up’ You keep out the infected bees and supplies, but if 
you allow the honey to come in it does not help matters. 

F. E. Mitien: We are destroying brood chambers and contents. 
Everything within that colony, contents of supers and brood chambers 
are destroyed. 


Mrs. Grace ALLEN: I mean that somebody from outside might ship 
in some honey and put the infected honey on the grocer’s shelves. 





- 21 


irit. 
nes 
per 
1 is 


ble 


FF — FF CP 











April, '28] MILLEN: FOULBROOD CLEAN UP 375 

F. E. Mitten: Take the city of Toronto, we have not found any more, 
in fact we have found.a less percentage of American foulbrood immedi- 
ately in the vicinity of Toronto than we have a number of miles outside. 
That is considering the same number of colonies of bees. We find less 
disease, if anything, around the city of Toronto, than we do in points 
outside. We have not found that trouble in Ontario. 


CHAIRMAN PELLEtT: Is there any further discussion? 


F. M. Brown: The Bacillus larvae supposed to cause American foul- 
brood is killed by a lengthy period of time in honey. The maximum 
amount of time it can maintain its virulence in honey is about 28 days. 
Usually at the end of 14 days, it is no longer active. That probably 
would explain how contaminated honey will sterilize itself. 


Mr. Millen resumed the Chair. 

CHAIRMAN MILLEN: I think Mr. Nolan will give a summary of the 
next two papers. 

W. J. Notan: I am not going to read the papers. I have a brief 
summary of two new diseases found in this country. Those of you who 
were present at the Memorial meeting in Ohio heard Dr. Trail of Ger- 
many describe the amoeba which has been found in Germany in the 
organs of the honey-bee. Up to that time this organism had never been 
seen in this country. It so happened that last spring when Mr. Bulger 
was examining some bees he suspected, he got some specimens and sub- 
mitted them to Dr. White for examination. So far no further investi- 
gation has been made on this particular organism, but it seems that it 
is not to be taken seriously, at least at the present time. 

I have one slide which shows this organism. This has been enlarged 
40 times. As I said, so far no one considers this disease of any particular 


economic importance. 
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MALPIGHAMOEBA (PRELL) IN THE ADULT HONEYBEE 
FOUND IN THE UNITED STATES 


By J. W. Butcer, Assistant A piculiural Physiologist, Bureau of Entomology, 
United States Department of Agriculture 


ABSTRACT 


An organism causing the ‘‘so-called’’ Amoeba Disease in the adult honeybee was 
found early in February, 1927 in two colonies of bees in the apiary of the office of 
Bee Culture Investigations, Washington, D. C. So far as the writer knows this is 
the first report of the occurrence of this disease of the honeybee in the United States. 
The disease is not thought to be of very great economic importance. 


In the course of some physiological investigations during the winter of 
1926-27 cysts of an organism which develops within the Malpighian 
tubules of the adult honeybee were found in two colonies of bees in the 
apiary of the Division of Bee Culture Investigations at Washington, 
D.C. The writer (1) made a preliminary announcement of this dis- 
covery in the Official Record of the Department of Agriculture, July 
20, 1927. 

Some time after the above-mentioned experiments were started, the 
writer noticed that the rate of mortality in colony No. 61 was very much 
greater than that in any of the other seven colonies under observation. 
In order to determine if this high death rate could in any way be attrib- 
uted to Nosema apis, one of the prevalent diseases of the adult honey- 
bee, examinations for it were made in chilled and fallen bees collected 
from the bottom-board. Nosema was found to be present in the intes- 
tine of practically every bee examined. After having found one of the 
experimental colonies affected with Nosema the writer decided to look 
for this disease in the other colonies. Only one of them (No. 63) was at 
that time found infected. 

On January 31, 1927, while looking for Nosema, the writer found cysts 
of an organism in the Malphigian tubule of a bee from colony No. 68. 
Preliminary studies caused the writer to suspect that this organism was 
that of the so-called Amoeba disease reported in Europe. Realizing that 
the amoeba had only been found in conjunction with Nosema, bees were 
examined daily from colonies Nos. 61 and 63 which had previously been 
found to be infected with Nosema. On February 3, cysts of the same 
organism were found in colony No. 61. They were, however, never 
found in bees from colony No. 63, although it was heavily infected with 
Nosema and died about the last of March. 

It is also worthy of note that Nosema was not found in five 
samples of bees taken from the bottom-board of colony No. 68 at various 
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\ malphigian tubercle of the adult honeybee showing cysts of the organism 


causing the ‘‘Amoeba disease’ (Prell) of the adult honey bee. 
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intervals between the last of January and the 10th of March. On March 
10th, or nearly 6 weeks after the cysts had first been seen, Nosema was 
found in this colony. The infection, however, was rather light. So far 
as the writer knows, this is the first report of the occurrence of the 
amoeba without the concurrent presence of Nosema. 

What is probably a vegetative stage of this organism was identified 
early in April by Dr. G. F. White of the Bureau of Entomology. This 
form had also been seen by the writer in the course of his studies on 
infected specimens. This form of the organism, however, somewhat 
resembles the cysts except for size and the fact that it does not have a 
double walled body. 

Miss Catherine Lucas, on a traveling fellowship from the University of 
London, in connection with her study of the amoebae of insects at Johns 
Hopkins University, spent most of the months of April and May 1927 
at the Office of Bee Culture Investigations and likewise found the two 
forms of this organism in bees from the above-mentioned colonies. 

In the more heavily infected bees most of the Malpighian tubules 
were completely packed with the globular to ovoid, almost transparent, 
cysts. These tubules were also somewhat distended, glassy in appear- 
ance, and easily broken. In the first case of infection found and in 
many of the heavier infections little was left of the tubule except the 
outside membranous wall. In such cases the epithelial cells of the tubule 
apparently had been considerably altered by the organism. 

During the course of the writer’s studies a number of slides were pre- 
pared by making smears of the tubules containing the cysts and then 
staining with Mann's ameboid stain (2)'. In general, the appearance of 
the stained preparations corresponded very well to those described by 
Prell (3). 

In the accompanying plate is shown a photomicrograph of a section of 
the Malpighian tubule. Numerous cysts are shown in the lumen of the 
tube. Measurements made from prepared sections showed the cysts (in 
58 measurements) to vary from 4.76u to 6.834 with an average of 5.67. 
Prell (4) gives their size as from 5y to 7u. 

Doctor White and Miss Lucas, who have studied this organism both in 
fresh and in stained preparations, are of the opinion that this organism is 
none other than the one for which Prell (4) suggested the name Vaa&l- 
kampfia (Malpighamoeba) mellificae. 

It may be of some interest to note that the colony No. 68 is of Italian 
stock. At present the writer does not have information as to when the 


‘Reference is made by number (italic) to ‘Literature cited,” p. 379. 
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present queen was introduced but it is certain that she is not an imported 
queen. Colony No. 61 was an American-reared Italian colony requeened 
on the 23d of August, 1927, with an American-reared Carniolan queen. 

After January 31 and February 3, the dates on which the amoeba was 
first found in these two colonies, the cysts were found at every examina- 
tion of the bees collected from the bottom-boards of the two infected 
colonies. While no definite percentage counts were made, in general 
the writer would say that from January 31 to about the Ist of April cysts 
were found in approximately 1 in 10 to 15 of the bees examined. In 
looking for the cysts the writer used only the chilled and weakened bees 
that had fallen to the bottom-board. Doctor White began working 
with this organism early in April and in his studies in which he used 
the pollen carrying bees of colony 61 infection was about as prevalent 
as the writer had found it in bees collected from the bottom-board. At 
the same time he did not nearly so frequently find cases of infection in 
colony No. 68. On May 15 the infection seemed to have almost dis- 
appeared and was found only with great difficulty in either of the colonies. 

Colony No. 61, which was the most heavily infected with Nosema, as 
well as with ameoba, became very weak by the 15th of May and had to 
be helped with brood from other colonies. On the other hand, colony 
No. 68 seems to have withstood the diseases very well and on May 13 
was normally strong. 

According to Prell the amoeba was first seen in Europe in 1916 by 
Maassen who made further studies on it in 1919 and 1921. Morgen- 
thaler has reported this organism several times (1920, 1922, 1924, 1925). 
Prell studied this organism in 1926 and decided that it belonged in the 
same group as the “hay amoeba’”’ (genus Vahlkampfia) but points out 
that the pointed structure of the pseudopoda, described and figured by 
Maassen, seem to indicate that it at least occupies an isolated position 
in the genus and probably deserves to be placed in a separate one. Since 
no amoeba in the honeybee had been previously known he suggests (4) 
the name Vahlkampfia (Malpighamoeba) mellifica n. sp. 

Very little is known of this organism and practically nothing of its 
economic importance. From its limited occurrence in the infected 
colonies in the apiary of the Division of Bee Culture Investigations and 
the fact that, as Prell noted in Europe, it seems to disappear early in 
the summer, it is doubtful if it is of much economic importance. How- 
ever, this point has not yet been determined. 

It is a very interesting organism and should be a fruitful one for 
further study. The writer does not feel that the occurrence of the 














April, '28) BURNSIDE: SEPTICEMIC ADULT BEES 379 


Amoeba disease in this country should excite much alarm. However, 
bee men and biologists should be on the alert. It is probable that this 
organism can be found if looked for in material of the proper sort in other 
apiaries throughout the country, and it may be found to be of consider- 
able economic importance. 
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A SEPTICEMIC CONDITION OF ADULT BEES 


By C. E. Burnsipe, Assistant A piculturist, Bureau of Entomology, 
United States Department of Agriculture 
ABSTRACT 


A heretofore unrecognized organism, Bacillus apisepticus, is shown to be the cause 
of a fatal septicemic condition of adult bees. Experimental results obtained thus 
far seem to indicate that the presence of external moisture aids in the transmission 


of the disease. 


In September, 1927, the writer’s attention was attracted by the large 
number of adult worker bees dying in and about a certain hive in the 
apiary of the Bee Culture Laboratory at Somerset, Maryland. It was 
observed that a few of the infected bees crawled, of their own accord, 
from the hive, but the greater number were carried out by other workers 
during the early stages of infection. This condition existed until the 
first week of October, when it subsided without treatment. Dissection 
and microscopic examinations of dying and dead bees eliminated all the 
known ailments of adult bees (Nosema disease, Isle of Wight disease, 
Mycosis, Amoeba disease and the condition known among beekeepers as 
dysentery) as being the cause of the trouble. Bacteria in large numbers 
and in pure or apparently pure culture were encountered in the blood of 
most of these abnormal bees. An examination of individual bees, show- 
ing similar symptoms taken from several other colonies in the apiary, 
established the presence of this disease in those colonies also, but in a 
lesser degree. Although the writer was unfamiliar with this organism, 
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he recognized its similarity to the organisms causing cutworm septicemia 
and hornworm septicemia (3, 4). To establish the fact that it is the 
exciting cause of the disorder, apparently healthy bees were inoculated 
by a needle dipped into the blood of sick or dead bees. They soon be- 
came infected and a mortality of 100 per cent usually resulted. Check 
bees punctured with a sterile needle or with a needle dipped into the 
blood of healthy bees were not noticeably affected. Because of the con- 
stant protection afforded by the exoskeleton, infection by this method 
could scarcely occur in nature. 


That adult bees suffer from systemic infection by bacteria seems to 
have been suspected only by Cheshire (2). He found two rod-shaped or- 
ganisms, varying much in size, in blood smears of bees. These organisms, 
which were incompletely described and figured, were thought to have 
been the cause of a “‘destructive attack."’ Concerning two other organ- 
isms obtained from the blood of diseased queens, Cheshire writes of one 
as follows: “In a large apiary, a queen of very unusual size but with 
relatively small legs was found to be too weak to continue on the comb, 
and was literally scarcely more than a bag of micrococci, the whole body 
being completely broken down. Upon touching her side with the point 
of forceps, with the idea of commencing a dissection, a thin, milky fluid 
escaped.’’ (His figure of the organism shows numerous coccoid and 
ovoid forms.) Of the other he says, ““This strange organism was found in 
millions in the blood of a queen sent to me with a statement, that al- 
although not old, she was useless, as she scarcely laid at all. These 
organisms clearly multiply by fissuration, and carry a thick envelope, 
while within they have darker cross markings difficult to define.” Che- 
shire’s descriptions and illustrations are insufficient to identify the organ- 
isms; consequently one can not know, whether any of those described by 
him are identical with the one under observation by the writer. 


Bacillus paratyphus alvei, named and described by Bahr (1) as the 
cause of intestinal disturbances in adult bees, was recovered by him from 
the blood of infected bees. He apparently did not consider this fact of 
importance, since he made no further mention of it, nor did he associate 
the organism with a septicemic condition of adult bees. 


The name Bacillus apisepticus is used for the organism encountered in 
this disease. Besides being found in the blood of bees, this organism has 
been recovered in abundance from humus soil in the neighborhood of 
infected colonies. 
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BACILLUS APISEPTICUS n. sp. This organism grows readily on the media ordinarily 
used for bacteria. Growth occurs under a wide range of temperature. The tem- 
perature of the room and a temperature of 36°C. have been used most for culturing. 

MorpuHo.ocy. The organism from agar is rod-shaped, varying considerably in 
length. The shorter rods appear almost spherical. The greater number are oval; 
short rods with rounded ends are plentiful, and longer rods frequently occur in chains. 
The spherical forms measure approximately 0.6 to 0.74; the oval and elliptical 
forms 0.6 to 0.74 by 0.8 to 1.5. The rods are often 0.6 to 1.0% by 1.5 to 3u; longer 
rods are not uncommon. In bouillon the dimensions are slightly greater than on 
agar, and the proportion of rods is slightly greater. No spores have been observed; 
see Figs. 2 and 3. 

Motitity. The organism is actively motile, the movements being progressive 
and whirling. The ends often progress in a spiral course about a more or less central 
axis. 

STAINING ProperTiEs. The organism stains readily and is gram negative. 

AGAR PLatTes. The colonies develop rapidly on agar plates. The outline is at 
first entire but often becomes amoeboid. (See Figs. 4, 5, and 6.) The colonies are 
slightly elevated and granular and their surface appears moist and glistening. They 
are grayish white by reflected light and bluish by transmitted light. 

AGAR Stant. A slightly raised grayish white growth occurs along the inoculated 
surface. 

GELATIN PLATES. At room temperature, after 24 hours, the colonies are sur- 
rounded by a depressed area of liquefaction which increases with the growth of the 
organism. 

GeLatin Stas. After 24 hours at room temperature a white line of growth is 
present. Liquefaction is first noticed at the surface. The liquefied portion is at first 
slightly depressed; later it becomes infundibuliform. 

Potato. A grayish-white growth appears which covers the surface. Gas is 
formed. The potato becomes brownish, the color deepens, and finally becomes 
almost black. 

BovuiLton. Within 24 hours the medium is cloudy throughout. Considerable 
sediment is formed after 48 hours. A ring forms which clings to the sides of the glass. 
A thin pellicle may form. 

Mirk. Within a day a coagulum is present which is slowly digested. 

Litmus Mik. The medium becomes slightly acid within two days. The color 
is discharged. 

CARBOHYDRATES. Gas and acid are produced in dextrose and sucrose. An 
alkaline reaction occurs in sugar-free bouillon and in lactose. 


As a result of his studies the writer recognizes the fact that there are 
strains of B. apisepticus which vary in cultural characteristics. 
EXPERIMENTAL INOCULATIONS 


In addition to the puncture method, three other methods of inocula- 
tion have been used. By the first, a suspension of the organism was pre- 
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pared by adding to it a 5 per cent to 20 per cent sugar solution, diluted 
honey, or water. Bees in cages (P] 13, Fig. 7) and in colonies were fed 
with these preparations. From 3 per cent to 10 per cent of the bees in 
cages generally became infected when inoculated by feeding. Occa- 
sionally no inoculated bees, and at other times nearly 20 per cent of 
inoculated bees, died of infection. A noticeable infection did not occur 
in colonies inoculated by this method. 

In a second series of experiments the organism was prepared in a dry 
state before inoculating the bees with it. The finely ground remains of 
bees dead of disease, together with filter paper saturated in a heavy 
suspension of the organism, were dried at room temperature. To make 
an inoculation the dried remains of bees or one of the prepared filter 
papers was placed on the bottom of the cage. Only negative results 
with caged bees and colonies were obtained with the organism in a dry 
condition. 

In a third method which was used most, inoculations were made by 
caging bees upon the macerated remains of dead bees wet with water, or 
by spraying or submerging bees in water suspensions of the organism 
taken from dead bees, from cultures, or from soil collected near colonies 
that showed infection. The highest death rate was obtained when inocu- 
lations were made with the organism in water. In two experiments, 
approximately 20 per cent and 30 per cent of the bees caged upon the 
macerated and wet remains of bees dead of septicemia were killed by this 
disease. Bees that were dampened by submerging them in a water 
suspension of the organism and kept in cages became infected in varied 
numbers. When heavy water suspensions of B. apisepticus taken from 
cultures or from bees dead of disease were used, 60 per cent to 100 per 
cent of the inoculated bees died. When water with which infected soil 
had been washed was used, 6 per cent of the inoculated bees in two 
experiments, 10 per cent of those in 1, and none in another, died of 
septicemia. 

The results obtained with package bees and with colonies are com- 
parable to those obtained with cages of from 50 to 100 bees. One 2-pound 
package of bees and two colonies were inoculated by the wetting method. 
Nearly 75 per cent of the bees of the package died of disease within 3 
days, while from 60 per cent to 70 per cent of the bees of each of the 
colonies died following a single inoculation. Nearly 70 per cent of the 
remaining bees of these colonies were killed by second inoculations made 
four days later. 
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SYMPTOMS AND PosT-MORTEM CHANGES 


NaTuRAL ConpiTions. The infected bees become restless and refuse 
food. Progressive weakening occurs and the ability to fly is soon lost. 
When exposed to higher temperature, 30° to 37° C, sufficient strength 
may be recovered, during early stages, to enable them to take wing 
again, but this apparent recovery is of short duration and death occurs 
sooner than at temperatures near 25° C. As weakness increases, the 
general appearance of the diseased bees is quite similar to that of chilled 
bees. 

When bees are unable to fly their movements become slow and un- 
certain, and they frequently fall on their sides or backs. In the last 
stages of disease the only signs of life are feeble movements of the abdo- 
men, legs, or mouth parts. 

In many cases the blood of the sick bees and those that have recently 
died is found to have lost its pale brown color and assumed a milky hue, 
due to the presence of innumerable organisms. Bacteria are present in 
the blood of all the body divisions but preparations for examination are 
most easily made from the thorax. After death, changes occur with 
considerable rapidity under favorable conditions of temperature and 
moisture. The abdomen loses much of its bright color and becomes 
dark brown to blackish, especially on the under side. The body wall 
remains intact for a time but soon loses its firmness. Even with the most 
careful handling, the appendages fall off and the head, thorax, and abdo- 
men come apart at their articulations (Pl. 12, Fig. 1). After death the 
hairs on the body are easily rubbed off. The softer tissues undergo a rapid 
change. The thoracic muscles lose the healthy, reddish brown color and 
become dull grayish white. The color than changes to a light brown, 
deepens rapidly, and finally becomes almost black. Tissues of the abdo- 
men and head undergo similar changes. Under low temperatures and 
dry atmospheric conditions the changes occur more slowly and are less 
pronounced. 


EXPERIMENTAL ConpiTIons. Following experimental inoculations 
the symptoms before death and the changes after death are comparable 
with those already described under natural conditions. A few bees be- 
come restless and continue to crawl, about 16 hours after inoculation. 
These gradually become weaker and die within a few hours. Meanwhile 
other bees show symptoms. The highest death rate usually occurs in 
from 20 to 36 hours after inoculation. The organism could be readily 
cultured from the contents of the rectum 3 days after inoculations were 
made. No noticeable changes occurred in the gross appearance of the 
parts of the alimentary canal of the infected bees until after death. 
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PATHOGENESIS 


Adult worker bees of all ages, and queens and drones, are susceptible 
to infection by wetting with water suspensions of Bacillus apisepticus. 
Drones are attacked as readily as are workers, but the queens in two 
inoculated colonies were among the last of the bees to die of infection. 
Italians, Blacks, Carniolans and Italian-black hybrids appear to be 
equally susceptible. None of the bees of these races are immune. The 
period from the inoculation of bees to the first appearance of disease is 
shorter near the optimum temperature for the growth of the organism. 
No evidence of a change in virulence in culture has been observed. Bees 
inoculated with the tenth generation of B. apisepticus, in culture and 
with cultures four weeks old, were killed as soon and in as large num- 
bers as when inoculated with the organism from the blood of infected 
bees. 

Immense numbers of bacteria in the food contents appear to cause no 
intestinal disturbance. The very small percentage of infection that 
results from feeding bees with heavy suspensions of Bacillus apisepticus 
in water and in concentrations of sugar and honey of from 5 per cent to 
50 per cent, may indicate that entry is not made by way of the alimen- 
tary canal. If entrance to the blood is gained in this way it would seem 
that there are predisposing causes, in addition to the presence of the 
organism, which have not been determined. On the other hand, the 
high percentage of infection which results when bees are inoculated 
by wetting, even though they have just gorged themselves with con- 
centrated honey, points to entrance through other of the body openings. 
After the bees had fed upon water, dilute honey, or sugar syrup, with 
which large quantities of B. apisepticus had been mixed, wetting them 
with sterile water and with unsterilized tap water, after the manner in 
which they were inoculated by wetting, caused only a doubtful increase 
in the percentage of infection. 

In experiments with cutworm septicemia and hornworm septicemia, 
White (3, 4) obtained results similar to some of those obtained with bees 
in these experiments. A mortality of 100 per cent resulted when the 
organism was transferred directly to the blood of healthy worms from 
cultures or from diseased worms. When inoculations of hornworms 
were made by feeding the organism the mortality was usually less than 
20 per cent. Cutworms were not infected by feeding. When 37 silk- 
worms were inoculated by feeding them with leaves wet with an aqueous 
suspension of a culture of Bacillus noctuarum White, 24 of them died. 
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DISTRIBUTION OF THE DISEASE 


Some knowledge of the distribution of septicemia has been obtained 
since the disease was first observed. Samples of bees of which from 10 
per cent to 100 per cent were infected have been received from the follow- 
ing states: New Hampshire, 2 samples; Massachusetts, 2; Idaho, 1; 
North Carolina, 3; California, 3; Alabama, 1; and Georgia, 1. It is 
observed that widely separated sections of the country and several of 
the chief beekeeping sections are represented by these states. It is 
probably safe to assume that the disease is present in all of the bee- 
keeping sections of the United States. 


SPREAD OF THE DISEASE 

In the writer’s experiments the disease did not, as a rule, spread 
directly from sick or dead bees to healthy ones. Caged bees that es- 
caped infection for 3 or 4 days after being inoculated did not become 
infected later, even when the bottom of the cage was covered with dead 
bees. Uninoculated bees caged on bees dead of septicemia were not 
infected. In inoculated colonies the death rate returned to normal 
within 3 or 4 days. The colony in which the disease was first observed 
under natural conditions is located on shaded ground at the lowest 
part of the experimental apiary. More infected bees were found about 
the hives located on low, shaded ground than about those in dry situa- 
tions exposed to direct sunlight. A California apiary from which three 
samples of infected bees have been received is located on the floodland 
of the Sacramento River. As a result of these experiments and observa- 
tions it would seem that in nature the presence of the organism in a wet 
condition is favorable to infection. 


IMPORTANCE 

At present very little can be said concerning the importance of the 
disease. Such knowledge can be gained from further experimental 
studies and from extenisve observation in the field, supplemented by 
microscopical examination of many samples during a period of years. 
Since the examination of the blood of adult bees has been added to the 
toutine of laboratory diagnosis the number of bees infected with B. 
aptsepticus has greatly outnumbered those infected with Nosema apts. 
The colony in the apiary of the Bee Culture Laboratory in which the 
disease was first observed appeared to be weakened from the daily loss 
of infected bees for about three weeks. None of the other colonies in the 
apiary were as seriously affected as this one, although in several of them 
were found a few bees sick or dead of the disease. 











386 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 21 


Letters from bee inspectors concerning samples containing this disease 
indicate that one or a few colonies in an apiary were affected, while others 
appeared to be free of disease. The following quotations were taken 
from these letters: 1. “Only ' hive in my apiary is affected and it seems 
to be affected very badly, as the ground in front of the hive is covered 
with bees. The bottom of the hive is full and quite a few bees, which are 
very dopey are scattered all over the frames.’’ 2. ‘‘I am sending you a 
few bees taken from among those dead or dying in front of a stand which 
is dying off fast. It does not look like paralysis to us here and does not 
act like spray or other poison of that character. The colony is the only 
one in the apiary of some 70 stands so far affected. Bees from this 
colony die slowly. They will be down and slowly crawling around in 
front of the hive for hours before they finally die.”” 3. “‘An abnormally 
large number of dead and dying bees have been thrown out at the en- 
trance for several months past. At one time they were even heaped up 
inside. The colony has honey and healthy brood.”’ 

The samples from the above described cases were found to be heavily 
infected with B. apisepticus, the proportions infected being 60 per cent of 
the bees in No. 1, 70 per cent of those of No. 2, and 90 per cent of those of 
No.3. Other samples unaccompanied by letters have been received that 
were even more heavily infected than these. Samples have also been 
received that yielded from 5 per cent to 50 per cent of infected bees. 

It seems desirable to emphasize the fact that this is not a new disease 
of bees, but is a disease which has not heretofore been definitely recog- 
nized. Additional losses are therefore not to be feared. Now that its 
presence is known, there is reason to hope that the losses from it may be 
reduced. 

TREATMENT 

No attempt has been made to determine methods of treatment. From 
the facts at hand it seems probable that dryness, such as characterizes 
sandy and well-drained apiary sites, exposed to direct sunlight, is not 
conducive to the spread of this disease. 
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CROP FAILURE 


By Wrixrorp A. RurFin, Extension Entomologist, Auburn, Alabama 


After studying over the subject suggested for this paper it occurred to 
me that the title “Probable Causes of Crop Failure’ would have given 
much more room for discussion and would certainly have allowed the 
speaker a greater freedom of expression without the fear of later being 
embarassed by same. Mr. Bentley, undoubtedly, had in mind: in sug- 
gesting this subject the southeastern group of states but since more 
detailed information was at hand on the conditions in Alabama it seemed 
wise to use the data obtainable on the conditions there as a basis for 
discussion, but since like conditions produce like results the cause for 
failure in other states can be determined by a similar procedure as out- 
lined herein. 

To me it seems that crop failure might be the results of one or more, 
possibly all, of the following conditions, namely: Poor colonies or poor 
management (to me they are one and the same), unfavorable weather for 
bees to work in the fields, or unfavorable weather for nectar secretion. 

Taking these items up in the order given, we have first poor colonies or 
poor management. From all reports received from over the state and by 
personal inspection of colonies, I found that bees were in unusually good 
condition thru March. Two and three frames of brood were found in the 
colonies in Auburn the latter part of January this year. Colonies in 
what I have chosen to call the mountain region, which covers all the 
northern half of the state, were in ideal condition to get a maximum crop 
of honey from poplar, locust, persimmon and other early blooming 
flowers. In the clover region and the coastal plains, both of which are 
in the southern half of the state, bees reached their maximum strength 
with a slight tendency towards swarming by the first of May, the time 
for the beginning of the main nectar flows. With the above facts in 
mind it seems evident that poor colonies had nothing to do with this 
years crop failure (in Alabama). 

The second item, namely, unfavorable weather conditions for bees to 
gather nectar, may be discussed under two topics. Too much rain would 
keep the bees in the hive and of course temperatures below normal 
would prevent the usual flights of the worker bees. By looking over the 
weather charts for the different regions it will be seen that in the moun- 
tain region with the exception of the months of March, June, July and 
October, the rainfall is below normal and in the months mentioned it is 
only slightly above normal. In the clover region the rainfall was below 
normal except during the month of February and it was less than a half 
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inch above normal during that month. In the coastal plains region the 
rainfall was slightly above normal during the months of February, 
March, June, August, September and October. It is quite probable, 
however, that there was not enough rain to interfere with the field work 
of the bees. By looking now at the temperature column it will be seen 
that the temperature was above normal during all the months in which a 
major honey flow should occur except in the mountain region where 
temperatures below normal occurred in March, June and August. So 
with the possible exception of this region there was no cause for the field 
activities of the bees not being normal. It would seem that the prob- 
ability of weather conditions preventing normal activities of the bees in 
the field cannot be blamed for the crop failure. 

The third and last item pertaining to the possible cause of crop failure 
is unfavorable conditions for nectar secretion. Since the two items 
already discussed have been cleared of having had any part in the crop 
failure of 1927 the cause must fall under the heading just mentioned. It 
might be well before going further to state some of the factors that affect 
the nectar secretions of plants as discovered by long experience and 
somewhat limited research. Some of these factors are, soil moisture, 
temperature, humidity, atmospheric pressure and sunshine. Insofar as 
possible I would like to compare for you the condition of the year 1926, 
which was a good crop year in Alabama, with this year, 1927, which is 
without a doubt one of the poorest on record. Soil moisture which of 
course is dependent on the rainfall previous to and during the nectar 
flow is one of the most important factors of nectar secretion. Kenoyer 
states that, ‘a good year has a rainfall slightly above the average.’’ In 
this connection it is interesting to note that the total rainfall of the first 
ten months of the year 1926 was 56.04 inches as compared with 36.61 
inches during the same period of 1927, a difference of 22.43 inches. It 
has been found that temperatures slightly above normal occur during 
good honey crop years. It happens however, that during 1926 the mean 
temperature for the months in which a major nectar flow might occur is 
below normal and in 1927 the temperature was above normal except for 
the month of June. Evidently no correlation can be made of these two 
years as regard to temperature. The humidity was evidently higher in 
1926 than during 1927, this being closely related to rainfall and soil 
moisture. This was also a factor for the year 1926. ‘‘A low barometer 
is favorable for a good yield.”” The barometric readings for 1926 during 


(1) L. A. Kenoyer, Iowa Research Bulletin 37. (2) L. A. Kenoyer, lowa 
Bulletin 169. 
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the months March to July were lower than the readings for the same 
months in 1927. 

Sunshine also has quite a lot to do with nectar secretion. This is 
easily understood when light is known to be essential in the production of 
sugar and other plant foods by the plant cells. During the months 
March thru July in the year 1926 there were 83 days that were cloudy 
or partly cloudy. During the same months of 1927 there were 95 days 
of cloudy or partly cloudy weather, a difference of 12 clear days. Just 
what effect this difference had in the nectar secretion of the two years 
can not be determined but evidently these 12 days of sunshine had some- 
thing to do with the increase of the crop of 1926 over that of 1927. 

Quite a few beekeepers say that there is a definite alternation of good 
and poor years. In this case the statement holdstrue. I have no records 
for Alabama from which a comparison of other years can be made. 

In conclusion it seems that the crop failure in Alabama this year was 
caused, with the possible exception of the extreme northern part of the 
mountain region, where sub-normal temperatures and too frequent 
.showers occurred and prevented the normal flight of the field bees, by 
low rainfall and consequent lack of soil moisture. 


MOUNTAIN REGION 


SOURCES OF NECTAR 


Common Name Scientific Name Date of Bloom 
Black Locust Robinia pseudacacia May 
Poplar Liriodendron tulipifera May 
Persimmon Diospyros virginiana May 
Sourwood Oxydendrum arforeum July 
Linden Ttlia (americana?) July 


WEATHER CHART 1 


Month Temperature Rainfall 

Mean Depart. Mean Depart. 
January 40.4 18 2.78 -—2.61 
February 53.1 +103 4083 $$ —1.20 
March 50.0 —26 £6.35 +0.47 
April. 64.0 +39 459 =—037 
May 69.0 + 1.1 3.36 —0.82 
June. . 24.6 —-05 4.56 +0.28 
July... 78.2 +04 648 +1.36 
August....... 75.0 —22 3.78 —).20 
September... .. 74.6 +24 030 —3.05 


October 63.3 + 2.3 3.71 +1.23 
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CLOVER REGION 


SouRCES OF NECTAR 


Common Name Scientific Name Date of Bloom 
Poplar Liriodendron tulipifera May and June 
White Clover Trifolium repens April to June 

White Melilotus Melilotus alba May and June 


WEATHER CHART 2 


Month Temperature Rainfall 
Mean Depart. Mean Depart, 
ee eae . 514 +3.2 049 —462 
ST. 2. demeen oa 00 ea ; aa 06 +90 5.99 +0.47 
DE a3 3 o's. ireet 59.0 +1.2 3.28 —3.10 


69.3 +4.0 12 —2.99 
74.4 +10 295 —087 
798 +0.2 3.49 —).74 


iit miniah whe a Ste 3 pen 820 20.1 299 —1.00 
ada c's 6s << Lam lg RK 1 or 3s0 —08 146 —2.78 
September. ...... 5545 Oe Seek eee aen 79.1 +2.8 144 —1.44 
October......... bUhvoeuWebethdstss val . @A +28 132) —1.12 - 


COASTAL PLAINS OR GALL BERRY REGION 


Sources OF NECTAR 


Common Name Scientific Name Date of Bloom 
Tupelo Nyssa ogeche March and April 
Titi Chftonta monophylia March and April 
Poplar Lirtodendron tulipifera April and May 
Gall Berry Ilex glabra May 

Black Titi Cyrilla racemiflora June 

Mexican Clover Richardia scafra June to Frost 


WEATHER CHART 3 


Month Temperature Rainfall 
Mean Depart. Mean Depart. 
EL a Ut Os wave dcs bens OUR se ens cesses 538 +32 099 —3.5I 
EE Ce ee oe eee .. CO +116 920 +2387 
i ht ve Gben de ncodbtbescctbesees 618 +07 £501 +0.13 


PRES h Paes . aa + 5.7 0.89 —3.08 
76.4 + 3.4 2.25 —1.57 
80.7 + 12 7.31 +2.42 
Rare IG), ue DER dad bs wiv oot ovecsweds 81.2 — 0.1 4.45 —1.76 
DE cabelas ebwoSscedbbuses ides 78.6 — 19 7.02 +0.35 
PEON: ca bbe dened vdiovevecesies . 784 + 17 4.37 +0.46 
EE, Ehe so ocaue ces 4 ae ae 69.5 + 3.5 3.16 +0.36 




















April, '28) 


RUFFIN: CROP FAILURE 


STATE WEATHER CHART 4 
1926 


Month Temperature Rainfall Days Cloudy, 
Mean Depart. Mean Depart. Ptly. Cloudy 
January 4.5 —06 823 +3.17 22 
February 513 +3.0 442 —0.88 14 
March 50.0 —6.l 6.52 +0.77 IS 
April 612 -—23 232 —1.97 14 
May 704 —09 299 —098 14 
June 77.6 07 493 +0.67 18 
July 792 —09 6.13 +0.68 19 
August 806 +10 6.90 2.36 21 
September 79.4 240 5.50 2.23 16 
October 66.9 +25 2.10 —0.52 14 
1927 
Month Temperature Rainfall Days Cloudy, 
Mean Depart. Mean Depart. Ptly. Cloudy 
January 492 +33 114 —3.92 16 
February 58.7 +104 645 +1.15 20 
March 570 +09 489 —O86 18 
April 68.1 +46 228 —2.01 16 
May 73.1 +418 255 —1.52 17 
June 78.2 0.1 528 +1.22 23 
July 808 +07 404 —I14l 21 
August 78.5 -l.l 356 —0.98 18 
September 77.8 +24 143 —1S& 13 
October 678 +54 201 —0O61 9 


CHAIRMAN MILLEN: 


The next paper is by W. J. Nolan. 
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SEASONAL BROOD-REARING ACTIVITY OF THE CYPRIAN 
HONEYBEE 


By W. J. Novan, Bee Culture Laboratory, Bureau of Entomology, 
United States Department of Agriculture 
ABSTRACT 


The seasonal brood-rearing activity of a colony of Cyprian honeybees proved on 
investigation to be strikingly similar to that typical of colonies of Italian honeybees 
in the same apiary. Furthermore, this colony exhibited no tendency to tolerate 
laying worker-bees while it had a laying queenbee, nor did it build more queencells 
than did Italian colonies in the same apiary at the same time. Its queenbee gave no 
evidence that her race was any more prolific than the Italian race of honeybee. 


Statements have often appeared in beekeeping literature which imply 
that races of honeybees differ from each other in respect to the normal 
course of their brood-rearing activity throughout the year. So far as is 
known no statement to this effect, as yet made, has been founded on 
results from scientific investigations of the normal seasonal brood- 
Tearing activity of any races in question. No particular reason has been 
advanced as to why one race should differ from any other in its response 
to a given set of brood-rearing stimuli. 

During the last few years the writer has been engaged i in an intensive 
study of the brood-rearing activities of colonies, all of which, it happens, 
were headed by queenbees of Italian blood. As a result of these investi- 
gations the writer (4, p. 120; 7, p. 36)' has on previous occasions en- 
deavored to point out that under normal conditions brood-rearing activ- 
ity tends to follow the same general seasonal course or cycle in any given 
locality year after year. Certain characteristic seasonal fluctuations 
exist, of course, in the brood-rearing cycle of any particular region. 
These are fairly constant both in time and relative magnitude. 

The seasonal regularity of fluctuations in the brood-rearing cycle is 
highly correlated with the recurrence in any given locality, at approxi- 
mately the same time annually, of various nectar flows and pollen yields. 
This correlation is usually shown by increased brood-rearing activity 
during at least the early stages of a nectar flow or pollen yield. An in- 
tense nectar flow or pollen vield, however, may serve to check brood- 
rearing activity if conditions are such as to cause sufficient incoming 
nectar or pollen to be deposited within the brood area proper to restrict 
the cells available to the queen for egg-laying purposes. A period lack- 
ing incoming nectar or pollen is normally one of lessened brood-rearing 
activity. So close is the relationship between brood-rearing activity 


‘Reference is made by number (italic) to ‘‘Literature cited,” at end of article. 














April, '28) NOLAN: SEASONAL BROOD REARING 393 


and incoming nectar or pollen, or the absence of either, that the normal 
seasonal course of brood-rearing in any region, at least for the Italian 
bee, can be predicted by a knowledge of the various local nectar flows 
and pollen yields, their intensity, and their duration. 

This close relationship between nectar flows, pollen yields, and brood- 
rearing has been observed by the writer not only in colonies headed by 
queens reared from strains of Italian bees which have been kept for a 
number of years in the apiary of the Bee Culture Laboratory at Somerset, 
Md., where his investigations have been carried on, but it has also been 
observed in the same apiary in colonies headed by Italian queenbees 
reared in other sections of the United States from strains accustomed to 
nectar flows and pollen yields quite different from those prevailing at 
Somerset. The same relationship has likewise been found even in 
colonies headed by queenbees imported from Italy. Since in relation to 
the presence or absence of incoming nectar or pollen the seasonal brood- 
rearing cycles of colonies headed by Italian queenbees from widely 
separated regions all followed the same general course, and inasmuch as 
no physiological or anatomical ground has yet been shown in bees of 
various other races which would cause a brood-rearing response to the 
same stimuli other than has been observed in the Italian bee, the writer 
was led to query whether, on making due allowance for any racial ten- 
dency as to prolificness, colonies headed by queenbees of the other races 
do not after all show the same seasonal response to seasonal nectar flows 
and pollen yields as do Italian bees. 

In order to obtain an empirical answer to the foregoing question, a 
study of the seasonal brood-rearing activity of various “‘races”’ was begun 
at the Bee Culture Laboratory in 1926. In the latter part of the active 
season of 1925 several queen bees of different “‘races’’ had been imported 
alive. Among them was a queen bee of the Cyprian race; and the per- 
formance of her colony in 1926 is the basis of this paper. For purposes 
of identification a distinctive mark was painted on the thorax of this 
queen bee and her larger right wing was clipped. 

The term ‘“‘race” as used in this paper corresponds to the term “vari- 
ety” used by von Buttel-Reepen (7, ». 168) in his classification of the 
honeybee. Thus he classifies each of the European races, and the Cypri- 
an also, as a variety of the “subspecies” mellifica of the species Apts 
mellifica. According to his system the name of the Italian race is 
“Apts mellifica mellifica var. ligustica, Spinola 1808,’"’ while that of the 
Cyprian race is “Apis mellifica mellifica var. cypria, Pollmann 1879.” 
C. P. Dadant (2, p. 328) and Rotter (8, . 4), on the other hand, have 
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held that the Cyprian bee is more closely allied to the Egyptian than 
v.Buttel-Reepen’s system would lead one to suppose. The latter has held 
that the Egyptian is a variety of Apts mellifica untcolor, which, according 
to his classification, is a subspecies differing from the one including the 
Italian and Cyprian. Regardless of the merits of either view, the casual 
observer would probably be apt to consider the Cyprian more closely 
allied to the Italian than is the Carniolan or any of the other European 
races of the honeybee. 

The term “effective egg-laying rate’’ is used in this paper in the sense 
in which the writer (6, p. 443) has employed it on previous occasions. It 
relates only to those eggs from which worker bees actually develop. 

The Cyprian queenbee in question was received from Cyprus in 
August, 1925, and was immediately placed in a nucleus which contained 
only newly emerged or emerging brood. A few frames of sealed brood 
were added later. The colony at the beginning of winter had not built up 
to the strength desirable for entering winter or for insuring the queen an 
optimum population for maximum brood-rearing efforts in the following 
spring. 

The photographic method previously described by the writer (7, p. 4) 
was used for making brood measurements to determine the course of the 
brood-rearing cycle. Photographic records of all sealed brood in the 
Cyprian colony were taken at least every twelve days during the active 
season with the exception of a fourteen-day interval at the beginning of 
March, a thirteen-day period in August and an eighteen-day period 


beginning with the 18th of September. Twelve days is the average time 


during which worker brood remains sealed. 


SEASONAL BROOD-REARING CYCLE OF THE CYPRIAN COLONY 


In 1926 the Cyprian colony (Table 1) was first examined on March 1. 
It had about 2 pounds of bees and 41 cells of sealed brood. Some Italian 
colonies in the same apiary had even more sealed brood at this time. 
Brood-rearing in Washington often begins in the latter part of February, 
pollen from willows usually being then available. Although the quantity 
of brood in the Cyprian colony increased slightly until the middle of 
March, inclement weather in the forepart of the month, which cut down 
flights, for pollen at least, led to a decrease in the quantity of sealed 
brood a little later. The same was true of all the Italian colonies investi- 
gated. 

After the inclement weather in March sufficient pollen and nectar 
were available to cause a continuous increase in the quantity of sealed 
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brood until the maximum was reached at just about the time of the main 
honey-flow. This increase was much more rapid after the latter part of 
April. Prior to this time the colony did not have sufficient strength to 
build up as quickly as did some other colonies. For instance, an Italian 
colony which survived winter with twice as many bees was given an 
additional 3-pound package of bees on March 25. On this date it had 
4,422 sealed cells of worker brood, whereas the Cyprian colony had only 
1,553. On April 24, the date when the Cyprian colony began its great- 
est rate of spring expansion, the reinforced Italian colony had 14,829 
sealed cells of worker brood, whereas the Cyprian had only 6,249, or less 
than one-half as many. At the date of the season’s maximum, however, 
this lead had been greatly reduced, the Italian colony having 18,780 
sealed cells of worker brood, in contrast with 15,737 in the Cyprian 
colony. 


The nectar available in April was more than sufficient for brood-rear- 
ing purposes, daily gains of 5 and 6 pounds being made by some colonies. 
The nectar flow in May was especially good, as much as 19 pounds gain 
in one day having been obtained by a scale colony during the main flow, 
that from the tulip-tree (Liriodendron tulipifera), which began about 
May 14 and continued about 10 days. A nectar-flow from black locust 
(Robinia pseudo-acacta) came before the nectar flow from the tulip-tree 
and even overlapped its beginning. June also was marked by much 
nectar from various sources, more particularly from white sweet clover 
(Melilotus alba), basswood, and, somewhat exceptionally, white clover 
(Trifolium repens). The clovers continued secreting nectar until the end 
of June. 


The maximum amount of sealed brood population for the entire sea- 
son was found on May 18. This means that in laying the eggs from 
which this amount of brood developed the queen attained her season’s 
maximum daily egg-laying rate, as far as sealed brood is concerned. 
Since the two succeeding counts show an abrupt drop in the amount of 
sealed brood, the queen’s effective daily egg-laying rate must have suf- 
fered some sudden check when the eggs represented by this brood were 
laid. As mentioned already, a good honey flow actually had been in 
progress for several days previous to May 18, so that in view of the fact 
that the lower hive-body had been well filled with honey from the pre- 
ceding year, the brood area in the second hive-body was restricted by the 
presence of incoming nectar. This caused the reduction in the activi- 
ties of the queen. A somewhat similar occurrence happened in a more 
striking manner in 1921 in an Italian colony described by the writer 
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elsewhere (4, p. 123; 7, p. 15). As in the colony of 1921, this condition 
in the Cyprian colony became relieved a little by the end of May. Under 
the influence of increased room, the presence of sufficient nurse bees, and 
some incoming nectar, the brood-rearing rate mounted again until 
checked slightly once more by incoming nectar from sweet clover. This 
is even more noticeable in the case of sealéd worker brood alone (Table 1) 
than in the case of total sealed worker and drone brood. The maxi- 
mum effective worker egg-laying rate for any 12-day interval during 
this particular period was reached late in June. This is shown by the 
fact that the resulting maximum in sealed worker brood was found on 
July 8. 

From the end of June until the beginning of a pronounced pollen yield 
in August the course of brood-rearing activity was downward. During 
this interval there was a comparative dearth of incoming nectar and 
pollen. The brood-rearing response to the pollen yield in August was 
quite marked. Following this came another decline in brood-rearing. 
Soon afterwards, pollen, and more especially the fall nectar flow from 
various species of Compositae, proved to be stimuli for a period of in- 
creased brood-rearing activity during the latter part of September. 
Inclement weather thereupon led to an entire cessation of brood-rearing 
activities in the fore part of October. 

At no time in the year did the colony have the use of less than 2 hive- 
bodies. During the main honey flow it was necessary to give additional 
room for incoming nectar. 


It is interesting to trace the course of drone rearing in the Cyprian 
colony (Table 1) during the season. Except in the honey-flow period of 
May and June, and once in the first week of September, on no occasion 
were more than 100 sealed drone cells found. It is worthy of note that 
the one exception in September, when 200 drone cells were found, is to 
be connected with the increased pollen yield in August. The height of 
drone brood-rearing activity was not simultaneous with the maximum 
worker brood-rearing activity, but came at the time when the brood area 
proper was crowded by incoming nectar during the main honey flow. At 
this time the queen took advantage of whatever cells were available, 
and was found to lay even in drone cells at the bottom edges of combs in 
the lower hive-body, which were separated by full combs of honey from 
combs containing brood of any description. The increased brood-rear- 
ing activity in June, already mentioned, was caused by an increase in the 
laying of worker eggs accompanied by a decrease in the laying of drone 


eggs. 
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Fic. 23. Curves showing number of cells of sealed worker brood observed at intervals 
in an Italian colony during the active season of 1921 (dotted line) and 1922 (broken 


line), and in a Cyprian colony during active season of 1926 (solid heavy line). 
The number of drone cells in the Cyprian colony during the active season of 1926 


is represented by solid narrow line. 
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THe Cyprian CoLony’s BROOD-REARING CycLE COMPARED WITH 
THAT OF AN ITALIAN CoLony. Having traced the brood-rearing cycle 
of this Cyprian colony throughout 1926, it will be well to compare it with 
that of typical Italian colonies. In 1926 the writer studied the brood- 
rearing cycle of no Italian colony which was under undisturbed condi- 
tions throughout the season. Colonies undisturbed at the beginning of 
the season, however, as well as others undisturbed towards its end, 
showed the same general course of brood-rearing activity as was dis- 
played by the Cyprian. Since, furthermore, as stated earlier, there ap- 
pears to be a definite course of seasonal brood-rearing activity which 
shows the same general trend year after year, under normal conditions 
individual yearly differences being due to variations in time and inten- 
sity of the various honey flows and pollen yields, a comparison with the 
brood-rearing cycle of an Italian colony in 1921 and 1922, described in 
detail elsewhere (4; 7, pp. 14-16), will be used for the purpose of this 
paper. The seasonal brood-rearing cycle of other Italian colonies studied 
by the writer in the same apiary prior to 1926 might have been chosen, 
which would have served this purpose just as well. 


In the figure accompanying this paper only sealed worker brood is 
represented by the curves for the three seasonal brood-rearing cycles 
compared. The curves previously published for the Italian colony 
(4, p. 121; 7, p. 48) represented the total sealed brood, both worker and 
drone. Whether sealed drone cells are included or not makes scarcely 
any difference in the case of the Italian colony because in neither 1921 
nor 1922 were as many as 600 sealed cells of drone brood found in the 
Italian colony on any one count (7, p. 5). In both years, the season’s 
maximum occurred during the major honey-flow period, and scarcely a 
sealed drone cell was found after June. In the Cyprian colony, likewise, 
as noted previously, the larger share of the sealed drone brood was found 
during the major honey-flow period, while a negligible number of sealed 
drone cells were found in this colony after June with the exception of the 
one occasion in September. 


Before comparing further the performance of the Cyprian colony with 
that of the Italian colony in 1921 and 1922 it will be well to describe 
briefly the general seasonal brood-rearing cycle in the apiary of the Bee 
Culture Laboratory at Somerset, Maryland, in its relationship to local 
nectar flows and pollen yields as observed in Italian colonies by the 
writer during the past seven years. Under normal conditions brood- 
rearing activity begins with the first pollen in the latter part of February, 
usually from willows, and continues to increase its rate, often quite 
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astonishingly, with the succession of pollen yields and nectar flows in 
March and April, until the season’s maximum is reached during or just 
before the main honey-flow in the middle of May. The brood-rearing 
rate then drops somewhat, due to the crowding of the brood-nest by the 
rapidly incoming nectar. A high rate of consumption at this time of the 
year, somewhat freeing the brood-nest, coupled with the stimuli of 
incoming pollen and nectar in lessened but appreciable quantities in 
June halts the downward trend temporarily until July, when a dearth of 
both incoming nectar and pollen occurs. A decline in brood-rearing 
ensues which is checked by an abundant pollen yield in August. This 
causes another rise which continues until about the beginning of Septem- 
ber, when another drop in orood-rearing activity takes place. Additional 
pollen, but more especially the fall nectar flow, soon brings again a 
brief upward movement, lasting until the beginning of October. The 
supply of pollen and nectar in the field diminishes quickly in October due 
to the weather. At the same time brood-rearing activity falls off rapidly 
until finally there is a complete seasonal cessation. 


Considering the fact that the Cyprian colony was below normal 
strength at the beginning of 1926, a condition which would retard the 
rate of initial expansion, (7, p. 7), a remarkable similarity exists in the 
curves (Fig. 23) showing the Cyprian’s brood-rearing performance and 
that of the Italian colony in 1921 and 1922. The Cyprian reached its 
season’s maximum of sealed worker brood at practically the same time 
as the Italian colony in 1921, and only two weeks later than the Italian 
colony in 1922. Because it was weaker in early spring, it reared much 
less brood in March and April than did the Italian colony in either 1921 
or 1922. This led to a lower season’s maximum in May. As a result, 
the Cyprian colony did not have as many field bees to gather surplus 
honey during the main honey-flow as did the Italian colony in the two 
years named. Nevertheless, it gathered sufficient surplus to provide 
more than enough pollen and nectar at all times during the rest of the 
year to keep up normal seasonal brood-rearing activity, as well as 
to have sufficient stores for winter. Furthermore, it drew out sufficient 
foundation for ten new brood combs. 


It will be noted that in all three instances there was a steady decline in 
brood-rearing during July. This decline was checked by the pollen yield 
in August. As a matter of fact, from the latter part of June throughout 
the rest of the year the seasonal performances remain quite close to each 
other, considering seasonal variations in the time of occurrence and 
intensity of the nectar-flows and pollen yields involved. |The Septem- 
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ber decline was somewhat more pronounced in the case of the Cyprian 
colony than in the case of the Italian colony, owing in part to adverse 
rainy weather conditions during the forepart of the month which limited 
incoming supplies for a few days. All other colonies under investigation 
at this time in 1926, howéver, showed as pronounced a drop at this time. 
Due to this same decline, on the advent of more favorable weather the 
response on the part of the Cpyrian colony to pollen and the September 
nectar flow seems somewhat more marked than in the case of the Italian 
colony in 1921 and 1922. The maximum level attained, however, is only 
slightly in excess of that in 1921. The decline in October is just as sharp 
as for the Italian colony, and brood-rearing ceased just as early or earlier. 

The three seasonal brood-rearing performances just described obvi- 
ously offer no ground for concluding that the Cyprian colony responded 
to seasonal brood-rearing stimuli in any other way than has been found 
characteristic of Italian colonies at Somerset, Maryland. If the Cyprian 
bee is at all inclined to rear brood out of season this inclination should 
certainly be manifested in the apiary of the Bee Culture Laboratory 
during July and early August, the one season which is unmarked by the 
influence of any pronounced nectar flow or pollen yield in the vicinity of 
Somerset. Such an inclination should also appear about the middle of 
September, another period which is little influenced by pollen or in- 
coming nectar. Yet, when we examine the performance of the colony 
under discussion, we find that its record after early July practically 
parallels that of the other two examples given. In fact, its whole sea- 
sonal performance, if we bear in mind the weakness of the colony at the 
beginning of the spring, is only a duplication of seasonal brood-rearing 
performances of various other Italian colonies at the Bee Culture Lab- 
oratory as determined by brood-rearing investigations. 


TOLERANCE OF LayING WORKERS AND ABUNDANCE OF QUEENCELLS. 
Certain writers have stated that the Cyprian race is inclined to tolerate 
laying workers in the same hive with a laying queen and that it builds 
more queencells than does the Italian. The presence of laying worker 
bees was not in evidence in this particular colony at any time during the 
period of active brood-rearing. On no occasion were any sealed cells of 
drone brood found in worker cells which might indicate the activity of 
such workers, nor were cells observed with numerous eggs or with eggs 
deposited in a haphazard position in the cells as is characteristic of laying 
workers. The marked, imported Cyprian queenbee survived in_ this 
colony throughout the entire season. 
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As for queencells, scarcely one was found. In fact, more were found in 
normal Italian colonies in the same apiary during the season than were 
found in the Cyprian colony. 


Prouiricness. It has often been maintained that the Cyprian bee 
is more prolific than the Italian bee, but the highest daily effective egg- 
laying rate attained by the Cyprian queenbee discussed here was only 
1,312 over any 12-day period, whereas the writer, (4, p. 123; 5, p. 430; 
6, p. 444; 7, P. 35) has reported higher rates for Italian queenbees. It 
must be borne in mind, however, that this queenbee was somewhat 
handicapped by the lack of strength in her colony early in the year. 
From the end of the main honey-flow until the end of the season, on the 
other hand, there were sufficient bees in the colony for all brood-rearing 
purposes. Nevertheless, the effective egg-laying rate of this queenbee, 
when compared with that of certain Italian queenbees investigated by 
the writer in the past seven years, was such at no time from the first of 
July until the end of the year as to warrant the conclusion that she 
belonged to a race more prolific than the Italian. 

It has frequently been stated by beekeepers that shipping a queenbee 
impairs her laying ability. Evidence that long shipments do not injure 
queenbees was given by Allen Latham recently (3, p. 508). He reported 
that a queenbee imported from Cyprus ‘did wonderful work for two 
seasons and fair work a third season.’”’ Whether or not the trans- 
Atlantic trip affected the egg-laying ability of the Cyprian queenbee 
described in this paper is only a matter of conjecture. Considering the 
strength of her colony in the spring, she performed a creditable season’s 
work in egg-laying. From the end of June to the close of the season, her 
effective egg-laying rate for the period covered by any of the brood counts 
compares favorably with that found in Italian colonies on the same 
approximate dates. 


SUMMARY 


In summarizing some of the results of this investigation it may be 
stated that the seasonal brood-rearing cyele of the Cyprian colony was 
strikingly similar to that of Italian colonies studied in the same apiary. 
In other words, using the normal seasonal brood-rearing activity of 
Italian colonies in the same apiary as the basis for comparison, there was 
no tendency on the part of the Cyprian colony to rear brood “out of 
season.” 

Furthermore, this colony on no occasion in the period covered by this 
paper showed a tendency to tolerate laying workers when it had a laying 
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queen in the hive, nor did it build queencells more abundantly than did 
Italian colonies under observation in the same apiary at the same time. 

Lastly, this particular Cyprian queenbee gave no evidence of being 
more prolific than Italian queenbees in colonies whose brood-rearing 
activity has been investigated by the writer. 


TABLE 1. ReEcoRD or SEALED Broop In CyprIAN CoLony, IN 1926 


Date Worker Brood Drone Brood Total 
March 1 41 —~-- 41 
15 660 —_--- 660 

19 368 - 368 

25 608 — 608 

April 1 1,553 ——— 1,553 
7 2,986 —-- 2,986 

12 4,297 —— 4,297 

19 5,593 9 5,602 

24 6,249 23 6,272 

30 8,283 66 8,349 

May 7 12,240 431 12,671 
12 14,710 625 15,335 

18 15,737 661 16,398 

24 13,499 1,270 14,769 

29 12,387 1,575 13,962 

June 8 13,426 1,180 14,606 
14 13,949 215 14,164 

21 14,127 370 14,497 

28 13,925 343 14,268 

July 8 14.375 33 14,408 
16 13,186 24 13,210 

26 10,548 18 10,566 

Aug. 2 9,472 17 9 489 
9 9,133 10 9,143 

15 9,430 22 9,452 

28 9,931 16 9,947 

Sept. 7 11,246 229 11,475 
18 5,702 17 5,719 

Oct. 6 9,869 5 9,874 
15 3,648 — 3,648 
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SECRETARY BENTLEY: Before any of you leave, I have one little matter 
I want to tell you about. 

We have with us this afternoon many of the members representing the 
Tennessee Beekeepers’ Association, and I am sure they will want to read 
carefully some of these papers. Already several have asked me where 
they can get the papers. All papers will appear in one issue of the 
JourNaL oF Economic ENTOMOLOGISTS. Anyone can secure a copy by 
addressing C. W. Collins, at Melrose Highlands, Massachusetts. I 
think single copies are 75 cents. 

While I am standing, I want to say that at the close of this session the 
Tennessee Beekeepers’ Association will have a short executive session to 
elect officers for the following year. At our last annual meeting it 
was voted that we pool our interests today and tomorrow by attending 
these meetings with scientists, in lieu of our regular annual meeting. 


CHAIRMAN MILLEN: We are open for discussion on the paper by 
Mr. Nolan. If there is no discussion, the next paper will be by E. J. 


Anderson. 
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THE PATHOLOGICAL CHANGES IN HONEYBEES INFESTED 
WITH THE ISLE OF WIGHT DISEASE 


By E. J. ANDERSON, Extension A piarist, The Pennsylvania State College 


ABSTRACT 


It was found that the mouth parts of the mite were sufficiently long to extend a 
relatively long distance through the tracheae and injure the surrounding muscle and 
nerve tissues. It would appear that paralysis could occur in the bee as a result of 
injury to these tissues, inflicted by the mite while feeding. 


For many centuries heavy losses of bees have been recorded in the 
literature of Great Britain and other countries (1). In 1902 another 
period of heavy losses began. As in previous cases, the cause was un- 
known. Efforts were made by a number of workers to ascertain the 
cause of such a heavy death rate. Finally in December, 1919, Miss Elsie 
Harvey, a student of Professor John Rennie of the University of Aber- 
deen, found a new species of mite in a preparation of permanently 
preserved thoracic gland. The next year, the mite in all stages was found 
by P. Bruce White in the thoracic tracheae of crawling bees suffering 
from the Isle of Wight disease. Professor Rennie described this mite 
and gave it the name 7arsenemus woodt. The mite was later studied by 
Hirst (2) and placed in the genus Acarapis. 

P. Bruce White in the series by Rennie and his associates (3) gave two 
explanations for the heavy death rate,—one, the active injury wrought 
upon the host by a parasite developing and living at the expense of its 
body fluids, with possibly a toxic action on the host; two, the passive 
role of the mite in hindering or inhibiting the normal functions of the 
infested organs. He found that a number of muscle fibers showed a 
distinct difference in color and presented a smaller wasted appearance. 

The author, in an effort to add to the limited information available 
regarding injury suffered by the bees, undertook the studies which are 
discussed in this paper. Considerable assistance was given the author 
by Dr. E. F. Phillips who was directing the graduate work in beekeeping. 

The material used by the author was obtained from Dr. Morganthalor, 
Switzerland, who had sent it to Dr. E. F. Phillips, Professor of Api- 
culture, Cornell Univerity. The specimens had been fixed in 15 per cent 
glacial acetic acid in 95 per cent alcohol and were preserved in alcohol 
until used. 

A number of bees were examined and dissected in order to obtain some 
idea of the distribution of the mites. In all such material the infested 
tracheae were easily identified, since the mite was opaque in comparison 
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to the colorless and nearly transparent walls of the tracheae. The mites 
had also caused a brown staining of the tracheal walls, which helped to 
make the infested tracheae more easily recognized. The mites were 
found more commonly in the main trunk leading to the spiracle. They 
were also found in all the branches large enough to accommodate their 
size, such as in the tracheae leading to the ventral part of the front of the 
thorax, the tracheae leading to the head, to the thoracic salivary glands, 
and to those passing over the indirect flight muscles. This is significant, 
since a large number of important organs are supplied with air from 
branches of these infested tracheae. 

Sections of diseased tracheae were studied in stained and unstained 
preparations, but no injury to the tracheae could be seen, even with a 
high powered mticroscope. The tracheae were soaked in caustic potash 
to remove all waste and then prepared on slides and stained, but no 
mechanical injury to the walls could be seen. It would seem, therefore, 
that any mechanical injury done to the tracheal walls is of minor im- 
portance. 

P. Bruce White found the mouth parts extending through the traechal 
walls in only two cases. It is probable that in the material used by the 
author the fixing solution had caused the mites to withdraw their 
mouthparts. 

A study was made of fresh normal muscles to ascertain the nature of 
the tracheal system supplying the muscles with air. Large branches 
from the main trunks lead directly to the indirect flight muscles where 
they divided and redivided, and finally branched out into numerous 
tracheols. These in turn branched out so that they came in contact with 
all the fibrils. It would seem essential that the large tracheae be kept 
open to permit a flow of air into this complex system of tracheols. When 
a tracheal branch is obstructed by a mite, as was found to be the case in 
several bees, little if any air can pass, Fig. 25. Such a condition would 
probably prevent oxygen from reaching an area of muscle tissue, making 
that area nearly functionless, and thereby causing the crawling condition - 
common to bees suffering from the Isle of Wight disease. 

The muscle tissues of some infested bees were found to be abnormal 
near the more heavily infested areas of the tracheae. The tissue was 
brownish in color, instead of white, and was somewhat brittle. Some of 
both normal and abnormal tissue was sectioned and stained separately 
with both Delafields and iron Hematoxylin. The diseased tissue did not 
stain evenly as did the normal. The discs were not definite in outline, 
and had a somewhat wasted appearance. 
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The muscle tissue near the tracheae was probably irritated and in- 
jured to a considerable extent by the beaks of the mites while feeding. 
The discoloration might also have been brought about by a toxic secre- 
tion. The beaks of the mites are considerably longer than the tracheal 
walls are thick, so they could extend some distance into the surrounding 
tissue, Fig. 26. 

When the first attempt was made to section the thorax of a bee, it was 
found that the chitin did not cut readily but tore the tissues inside. 
Successful results were obtained by embedding the thorax in wax, and 





Fic. 24. Cross section of thorax of a bee Fic. 26. Head and beak of a 
showing the large nerve, Whr, near mite, Hd, P, near a section 
the infested tracheaa, Tra. of a tracheal wall, Tra. 


then shaving off the chitin with a sharp razor blade. The material was 
then re-embedded in paraffin and sectioned. 

During the process of dissecting some bees, it was noticed that the 
large nerve passing to the base of the wing comes in close contact with 
one of the large tracheae frequently infested with mites, Fig. 24. This 
nerve passes through that part of the infested bee where the muscle 
tissues undergo a pathological change. In several infested specimens 
this nerve appeared watery instead of evenly white as in normal bees. 
This would indicate a pathological condition which could account for the 
loss of the power of flight, and might also account for the disjointed 
wings of many infested bees. 

The following conclusion can be drawn regarding the pathological 
action of Acarapts wood: in the thorax of the honeybee. 
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1. A mechanical obstruction of smaller infested tracheae occurs 
which probably results in the loss of function of those tissues supplied 


with oxygen from it. 

2. Mechanical injury is inflicted on the tissues adjoining the infested 
tracheae, including the thoracic salivary glands, the indirect flight 
muscles and the large nerves passing to the base of the wings. Such 
injury would cause a diseased condition to the punctured muscle and 
nervous tissue, and would probably cause paralytic condition of the bees. 
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Fic. 25. Cross section of infested tracheae, Tra, 
nearly closed by a mite, Mt. 


3. There is a slight possibility of a toxic secretion passing into the 
tissues surrounding the infested tracheae. 
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CHAIRMAN MILLEN: We are open for discussion on this paper. 
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Dr. Ewinc: What have they found in Canada with regard to the 
material sent to Europe? 

CHAIRMAN MILLEN: It was supposed to have been found in the 
Province of Quebec, but we have had no further confirmation on that 
point. 

W. J. Notan: Has there been any further study made? 

CHAIRMAN MILLEN: We have made a search in Ontario, but we have 
not found any traces of it yet. 

SECRETARY BENTLEY: Mr. Nolan, will you make a brief announce- 
ment in regard to Dr. W. W. Alpatov and the work he is doing at Johns 
Hopkins University. 

W. J. Notan: Dr. Alpatov is one of the outstanding apicultural re- 
search workers at the present time. He is particularly interested in the 
" biometrics of the honeybee. He has found that in his country the 
tongue lengths of northern bees are shorter than those of southern bees. 
Of course, we don’t think that applies to this country because our nor- 
thern bees are often from queens which are reared in the South. He 
worked in Russia where they have little experience with package bees 
or extensive queen-rearing operations. 

CHAIRMAN MILLEN: I will now ask the Nominating Committee to 
report. 

W. J. Notan: The Committee selected Professor Wilson of the 
University of Wisconsin as the Chairman for next year, and the first 
choice for Secretary was Professor Bentley. He informed us he would be 
unable to serve again, so we have selected Professor Cory of the Uni- 
versity of Maryland. 

CHAIRMAN MILLEN: You have heard the recommendations. What is 
your wish’? The report was adopted. 

CHAIRMAN MILLEN: There is one other point I think we should bring 
up at this time, and that is the present Secretary, who is on my right, has 
occupied this position for quite a number of years, about twelve years, I 
think. Due to the stress of work and other positions which have been 
thrust upon him, he has had to relinquish the office this year. 

I know from experience that the Secretary does all the work and gets 
none of the credit, if everything goes well. If things go wrong, then the 
Secretary is the man who bears all the blame. I should like to see this 
meeting recognize the work which Professor Bentley has done, by a 
very hearty vote of thanks. 

The audience gave a rising vote of thanks to Professor Bentley. 
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CHAIRMAN MILLEN: If there is no other business, this meeting will 
stand adjourned. 


The meeting adjourned at 5:15 o’clock. 





Tuesday Evening, December 27, 1927 
The meeting convened at 7:30 o’clock, Chairman Millen presiding. 


The meeting was in the form of a round table. There were 16 present, 
10 different states being represented. Two papers were presented. 


A paper on “The Packing of Honey”’ by Mr. Atkins was read by Ken- 
neth Hawkins of Watertown, Wisconsin. 


COMB HONEY PACKED CAREFULLY PREVENTS DAMAGE IN 
SHIPPING 


By E. W. ATKINS 


Recently we conducted an investigation, with the co-operation of the 
American Railway Express Company, to ascertain if small lots of comb 
honey could be shipped with a reasonable degree of safety. The investi- 
gation showed that, in addition to the damage comb honey might receive 
in handling, the vibration caused by rapidly moving trains was often 
sufficient to break the delicate comb cells. To test this, an official of the 
express company obtained cases of comb honey in which there were no 
damaged or leaking cells. He personally carried the honey to the express 
car and set it on the floor of the car. The effect of train vibration was 
then studied. At the end of a 50 mile trip it was found that cells in many 
of the sections were cracked and honey had started to leak out. 

The careful grading of comb honey is also an important step in suc- 
cessful shipping of this fragile product. We shall always remember a 
demonstration given by Frank Rauchfuss, manager of the Colorado 
Honey Producers’ Association, at one of the association’s meetings, on 
the importance of carefully grading comb honey for safe shipping. He 
took one section of comb honey in which all of the cells next to the wood 
of the section were filled with honey and sealed over, and one in which 
none of the cells attached to the wood contained honey. In turn he held 
these sections flat in his hand and threw them up in the air about 2 feet 
and allowed them to drop on a table in front of him. The comb honey 
which contained cells filled with honey next to the wood stood this 
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severe test without breaking out of the section. The other comb of 
honey entirely broke out of the section. Honey adjacent to the wood 
seems to have a cushion effect which helps reduce shocks. 

Pack ALL SHIPMENTS CAREFULLY. The distance that a shipment of 
comb honey has to travel is no criterion as to the care it should receive in 
packing. For instance, a shipment from Stevens Point, Wisconsin, to 
Milwaukee, will be handled 22 times, whereas a shipment from Mil- 
waukee to New York will be handled only 10 times. 

In order to ascertain if comb honey could be shipped with any 
reasonable degree of safety in single case lots, we made up a number of 
different kinds of crates and shipped 
comb honey in them to distant parts 
of the country, at the American 
Railway Express Company's ex- 
pense and had them report on the 
honey’s condition at destination. 
A general view of the crate that 
was most highly recommended by 
the express company from the result 
of this test is shown in figure 27. 
This crate is for 1 single-tier case of 
comb honey and is 23 inches high, 
18% inches wide and 11% inches 
deep, outside dimensions. 

Note particularly that the case of 
honey is carried in the crate on end. 
The sections stand straight up, with 
each row one above the other. This is to reduce the effect of train 
vibration. Two cleats are nailed across the bottom ends of the crate 
as shown in the figure. These cleats should extend at least 3 inches 
beyond each side of the crate. to prevent it from tipping over. This 
method is similar to the one successfully used for shipping plate glass. 

The bottom of the crate should be cushioned with 4 inches of straw, 
packed tightly, to reduce shocks and train vibration. Straw is also 
packed tightly on all sides. 

It is not necessary to put straw over the top of the case. However, it 
is important to plainly mark the top of the crate with the words, ““COMB 
HONEY—HANDLE WITH CARE. KEEP FROM HEAT.” 

Two or more cases can be packed together in a larger crate in the same 
way. The larger crates should have handles on them to make it easy for 
the employees of the express company to handle the shipment 


Fig. 27. Type of crate highly recom- 
mended by Express Company. 
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The following paper was discussed. 


THE HONEYBEE IN RELATION TO ALFALFA IN CALIFORNIA 


By GeorGE H. VANsELL, Davis, Calif. 


ABSTRACT 
Nectar secretion in plants is a problem not well understood. Alfalfa constitutes 
one of the major sources of honey over much of the United States and at the same 
time great variation in secretion is observed. Extremes of climatic conditions and 
altitude in California are great, and as to be expected nectar secretion is affected 
materially. The six leading alfalfa honey sections of the state are listed with notes 


concerning the honeys. 


The factors influencing nectar secretion in plants are very imperfectly 
known. Beekeepers have long noted variations in available nectar but 
as a rule they have been unable to contribute to our knowledge concern- 
ing secretion. Plant physiologists have apparently lacked sufficient 
interest in bees to undertake extensive studies from their scientific point 
of view. Of late years the problem has been attacked by several en- - 
tomologists but they too are discovering that their training is inadequate 
for the solution of this problem. 

Alfalfa constitutes a source of nectar over much of the United States, 
while in many places it is not visited by bees except meagerly. It may be 
safely stated that whenever nectar is present in the blossoms bees visit 
them, so the problem is purely one of secretion. Many theories have 
been formulated as to the various causes for this condition: the most 
popular one has to do with changes in atmospheric pressure. 

The ecological conditions present in California are so varied that a 
record of the actual status of alfalfa as a source of nectar with different 
sections may prove of interest to entomologists interested in apiculture. 
Rainfall varies from approximately 0 to 100 inches, great extremes of 
temperature prevail within short distances, the highest and lowest 
altitudes in the United States are here within 90 miles, and soil types 
often change completely within a few rods. Not only does nectar flow 
vary widely under different conditions of time and location but the result- 
ing honey also shows great color variation. No explanation of the facts 
herein recorded will be attempted at the present time. There are six 
distinct areas in which alfalfa is of importance for honey production. 
The many other places in which it is grown need not be mentioned except 
for the sake of completeness. The producing areas are in order of im- 
portance, the great valley (San Joaquin and Sacramento), Imperial 
Valley, Palo Verde Valley, northeastern plateaus, Shasta Valley, 
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Antelope Valley, and formerly the Owen River Valley. In all these 
places the alfalfa is grown under irrigation. 

The Great Valley lies from a few to four hundred feet above sea level. 
Much honey is produced particularly in the upper San Joaquin Valley 
and west of Stockton. The honey grades from light amber to very light 
amber. Alfalfa is of much less importance in the Sacramento Valley 
than in the San Joaquin, both on account of a smaller acreage and a 
meager nectar flow. The Imperial Valley is considerably below sea 
level. The honey is quite dark. The flow is long and continuous 
through the summer. An abundant supply of water is available and 
high temperatures are the rule. The Palo Verde Valley section of 
Riverside County is much like the Imperial Valley except that it is 
slightly above sea level. Much alfalfa seed is produced there so that 
bees have abundant opportunity for gathering nectar. The plateaus of 
the northeastern part of the state about Honey Lake and elsewhere, are 
quite high,—around 5,000 feet. The nectar flow is very rapid but a 
comparatively short season prevails. The honey is water-white. The 
same may be said of the Shasta Valley region except that the elevation is 
somewhat less. The Antelope Valley is light amber in color. The 
elevation of the region is around 2,500 feet. Where the crops are allowed 
to blossom freely nectar is abundant. The alfalfa along the coast is not 
considered of importance for nectar. Coastal conditions in California 
indicate coolness on account of the prevailing winds and cold ocean water. 

The matter of pollination of the seed crop alfalfa does not bother the 
alfalfa grower particularly because beemen are anxious to concentrate 
their bees about seed alfalfa fields. The set of seed seems to be satis- 
factory generally. 


Region Altitude General Color Summer Season Part of State 
of Honey Conditions 
The Great 25-400 ft. Light amber to Warm to hot Long Central 





Valley very light amber 

Imperial Below sea Amber to light Very hot Very long Southeastern 
Valley level (Salton amber 

—202 ft.) 

Palo Verde 328 ft. Amber to light Very hot Very long Southeastern 
Valley (Glamis) amber 

Antelope 2349 ft. Light amber to Warm Long South-central 
Valley (Lancaster) nearly white 

Little Shasta 2761 ft. White Warm Short Northern 
Valley (Gazelle) 

Northeastern 4440 ft. White Variable, hot Short Northeastern 


Plateau Valleys (Alturas) 


and cool days 
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Considerable discussion was centered around the varying textures of 
sugared honey. 

Another discussion was the importance of acreages of sweet clover, 
and the honey production based on the price of sweet clover seed which 
governed the acreage planted. 

Dr. Millen gave a brief report of Dr. Tanquary’s paper on this subject 
delivered at a previous beekeeper’s session. 

John M. Davis, Spring Hill, Tenn., discussed Methods of Queen 
Rearing Used in the South. 

The work of Dr. Watson in artificial insemination was discussed in 
regard to its practical applications in the queen rearing business. 

The Secretary called attention to the importance of the early submittal 
of papers to Mr. Collins, that this year only a few papers had been sent in 
for publication in the regular program. He implored co-operation with 
the new Secretary by helping in this regard. 





THE LESSER CORN STALK-BORER (ELASMOPALPUS 
LIGNOSELLUS ZELLER) INJURING SUGAR 
CANE IN CUBA' 

By H. K. PLAnk 
ABSTRACT 

The lesser corn stalk-borer occurs in northern Camagtiey Province, Cuba, in 
young sugar cane, causing “dead hearts,’ and in two weed grasses. It was most 
injurious in burned fields. The article describes the insect and reports observa- 
tions on its life history. 

During the season of 1927, a stalk-borer known in the southern United 
States as the lesser corn stalk-borer (Elasmopalpus lignosellus Zeller) 
was found injuring young ratoon sugar cane at Central Jarond. The 
injury resembled that of the moth stalk-borer (Diatraea saccharalis 
Fabr.) in young sugar cane, producing the symptom known as “dead 
heart.”” Determinations were made of the larvae and pupae by Mr. 
Carl Heinrich and of the adults by Dr. Wm. Schaus of the United 
States National Museum. 

The insect is referred to by Mr. Van Dine® as an undetermined 
species of Phycitinae. He states that the injury occurred in young cane, 


‘Scientific Contributions No. 11. Tropical Plant Research Foundation. From the 
Cuba Sugar Club Experiment Station, Central Baragua, Cuba. 

"Van Dine, D. L. 1926. A list of the insects affecting sugar cane in Cuba. Trop. 
Plant Research Found. Bul. 3, 16 p. 
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at the base of the shoots and often extended below the surface of the 
ground. His observations were made at Central Baragua. 

The species has long been known in the United States, where its 
injury to corn and related plants is often serious. Messrs. Luginbill 
and Ainslie* record beans, corn, cowpeas, chufa (Cyperus esculentus), 
goose grass (Eleustne indica), Japanese cane, Johnson grass, milo 
maize, peanuts, sorghum, sugar cane (at New Orleans, La., June 16, 
1924, by Mr. T. E. Holloway), turnips and wheat as host plants. 

In Cuba it has been found developing in sour grass or “‘rabo de zorra” 
(Valota tnsularis) that was growing between the rows of sugar cane in 
the infested fields. It is also interesting to note that goose grass or 
“‘grama de caballo’”’ (Eleusine indica), reported as a host plant of this 
insect in United States, is a common grass in guardarrayas of the cane 
fields in Cuba. 

The known geographical distribution of the lesser corn stalk-borer is 
confined to the Western Hemisphere. It is apparently well distributed 
throughout South America, having been recorded from Colombia, 
Venezuela, Brazil, Uruguay, Argentine and Chile. It probably occurs 
also in Mexico and has been reported from the Bahama Islands. It has 
also been reported from Porto Rico and British Guiana. In the United 
States it is distributed over practically the entire southern half, having 
been reported more or less injuriously abundant in the territory south 
from eastern Massachusetts to southern California. 

In a letter to the writer, Mr. B. A. Bourne of Canal Point, Florida, 
stated that, during the spring of 1927, his seedling canes were seriously 
injured by a borer which was identified for him by Mr. August Busck 
of the U. S. National Museum, as the lesser corn stalk-borer (Elasmo- 
palpus lignosellus Zeller). 

The damage to sugar cane in Cuba caused by the lesser corn stalk- 
borer was found to be confined almost exclusively to fields in which 
the trash had been burned off. Four to five crops had been harvested 
from these fields and the infested plants were young ratoons which had 
come up after the field had been burned. The burning took place about 
one month after the crop had been harvested and destroyed all of the 
young shoots which had started growing as well as the grasses in these 
fields. In the adjacent and nearby unburned fields, only three very 
small infested shoots were found during the entire time that obser- 
vations were being made. 


‘Luginbill, Philip, and Ainslie, Geo. G. The lesser corn stalk-borer. U. S. Dept. 
Agr. Bul. 539, 27 p., illus. 
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Usually a number of small holes were found in the infested stalks, 
sometimes distributed up and down the sides but in most cases located 
near or just below the surface of the ground. These holes were about 
2 mm. in diameter, or about the caliber of the point of a lead pencil. 
As a rule, one hole, at or near the surface of the ground, was found to 
contain a little frass, or excrement, mixed with silky threads (Fig. 28). 
In the very small shoots usually only one hole was found which was 
located at about the sufface of the ground. Since less than 10% of 
the infested shoots were found to contain borers, and since in no case 




















Fic. 28. Silky tubes of the lesser corn stalk-borer, at base of sorghum stalks, 
(From Luginbill and Ainslie). 


was the pupa found in these stalks, it is evident that the majority of the 
borers spend most of their time in the silky, tubular run-way outside 
of the stalk. 

The highest infestations were found in May and June, about a month 
or so after the trash on the field had been burned. The largest percent- 
age of shoots infested amounted to 62.1% with an average of 14.28 
per stool. The next was 55.1% with 7.72 per stool. An examination 
two weeks later showed no increase in the intensity of the infestation 
but there was a comparatively large increase in the number of shoots 
due to ratooning stimulated by the attack of this insect. While the 
largest average number of stalks per stool found infested by the lesser 
corn stalk-borer was slightly over 14, a number of stools were encountered 
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in which all the shoots had been killed. Examinations made several 
months later in these same fields showed a general weakened condition 
of the stools, doubtless due to the excessive ratooning. In some cases 
the stool died as a result of its inability to put out more new growth. 

The injury by the sugar cane moth stalk-borer (Diatraea saccharalis 
Fabr.) in these and adjacent fields was not found until the ratoons had 
been growing for more than 1% months, from which time it steadily 
increased up to 23.25%. By this time practically all evidence of the in- 
festation by the lesser corn stalk-borer had disappeared. 

The borers observed were slender, bluish-green 
caterpillars which wriggled very actively when dis- 
turbed. They were not noticeably hairy. When 
full grown they measured a little more than one- 
half an inch in length. The head was small, dark 
brown or black, and the color of the first segment, 
or joint back of the head, was black. While the 





Fic. 29. The lesser 
corn stalk-borer: 
Larva. Greatly 5 
enlarged. (From 
Luginbill and 
Ainslie). 





Fic. 30. The lesser corn stalk-borer: a, Male moth; 
b, forewing of female moth. Greatly enlarged. 
(From Luginbill and Ainslie). 


color of the body was quite variable, the back was deep blue-green, 
shading to lighter blue-green on the sides, and to a still lighter color 
underneath. Across the back and sides of each segment, near the hind 
margin, there was a dark brown band more or less irregularly fringed on 
its front edge with lines of the same color. (Fig. 29). 

No eggs were secured and all efforts to rear the very small larvae 
found in the infested shoots failed. No approximation can, therefore, 
be made as to the length of the larval period. It was observed that, 
among the 9 borers collected in the field and used for rearing adults in 
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the insectary, the average feeding period was five days. In the case of 


one larva, however, 13 days elapsed before it changed to the pupal stage. 


It is quite evident that the pupa, or chrysalis, is formed outside of the 
burrow made by the larva in the small shoots. Pupation may possibly 
take place in the silky tubular run-way near the base of the stalk or in 
the loose soil nearby. From 6 to 8 days was required for the pupal stage. 

The only adults which have been seen were those which were reared 
in the insectary, in spite of the fact that a diligent search was made for 
them in the infested fields. The reared adults were small, inconspicuous 
moths measuring a little less than half an inch from the tip of the head 
to the tip of the wings while at rest (Fig. 30). They were of two different 
colors, that of the males being yellowish-brown to fawn while that of the 
females was almost uniformly dark brown to black. 

The attack of this insect appears to be confined to young cane and in 
the inspection of young cane for the common moth stalkborer, based 
on the number of ‘‘dead hearts’’ found, an examination should be made 
of the shoots to determine whether or not the lesser corn borer is present. 
Otherwise rather serious borer injury to the crop might be indicated 
and the infestation of the common borer be really unimportant. The 
activity of the lesser corn borer and its habit of sheltering outside 
the tunnel in the shoot would prevent any benefit from the removal 
of the ‘dead heart’’ shoots. The observations made thus far indicate 
that the infestation of the lesser corn borer was severe in the fields that 
had been burned over and comparatively slight in the cane protected 
by a covering of trash. This seems to show that the trash covering is 
not favorable for this development of the insect. Several factors may be 
involved in this condition. The blanket of trash serves to suppress the 
weeds and such a check to the alternate grass host plants of the lesser 
corn borer may prevent its development reaching serious numbers. 
Further, the burning may destroy the parasites of the insect that would 
otherwise keep it in control, or the trash may be a protection to the base 
of the young shoots against the attack of this borer. 

It is of interest to note that the infestation of the lesser corn borer 
does not persist in cane. It is confined to the young shoots and stimulates 
excessive ratooning. Under favorable conditions of moisture it is 
probable that the serious injury is the check to growth. Where this 
insect is observed, it will be found profitable to stimulate growth by 
cultivation, particularly under dry weather conditions, so that sufficient 
young ratoons will be saved to insure a stand. 
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FOURTH SHADE TREE CONFERENCE 


At the Fourth Shade Tree Conference held at Washington, D. C., 
March 22-23, 1928, two features of the program were of vital ento- 
mological interest to all tree workers. One was the paper presented by 
Mr. William Middleton on ‘‘Factors Affecting Outbreaks of Shade Tree 
Insects,’’ and the other was the round table discussion on ‘‘Oil Sprays” 
led by Dr. W. E. Britton. A tabulated summary of the latter has been 
prepared from the data collected from the tree men present at the 
meeting. This summary with Dr. Britton’s opening remarks and Mr, 
Middleton’s paper are published in this issue. (Ed.) 





OIL SPRAYS AND OIL INJURY 
By W. E. Britton, New Haven, Conn. 


At the present time there is a decided tendency toward the increased 
use of oil sprays on shade and orchard trees. These sprays are of mod- 
erate cost, have good covering power, good penetration, and are easy 
to apply; therein probably lies the chief secret of their popularity. 
This increased use has developed in spite of the many records of oil 
injury to trees. Experience in nearly every one of the northeastern 
states shows that, under certain conditions, trees have been injured by 
the application of oils. Undoubtedly some of these injuries have 
resulted from an over-wide application of oil sprays. The manufacturers 
have urged their use as a remedy for too many tree troubles, and owners 
are only too willing to fall in line, especially after having used oils 
successfully for the control of certain insect pests. Of the fruit trees, 
peach and Japanese plum are regarded as being particularly susceptible 
to oil injury, and apple trees have been seriously injured in certain 
cases. Among the shade trees, sugar maple seems to be the most 
susceptible to oil injury, though whitewood or tulip tree is occasionally 
injured. 

Up to this time no more effective dormant sprays have been developed 
than the miscible oils for destroying the eggs of the European red mite, 
Paratetranychus pilosus C. & F., the clover mite, Bryobia pretiosa Koch, 
and probably of the tree red spider, Paratetranychus bicolor Banks. 
Apparently the miscible oils are somewhat less effective in killing the 
eggs of aphids and some other insects than in destroying mite eggs. 

Oil sprays now being used are of two general classes: (1) miscible oils, 
and (2) emulsions. 
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Strictly speaking, miscible oils are emulsions when diluted with water 
for application, but they are prepared in such a manner that the oil 
and the emulsifying agent form a clear stock solution and may be kept 
in that form until diluted with water, when they become milky. The 
miscible oils on the market may be roughly divided into the following 
four groups according to the oils used and their emulsifying agents: 


1. Lubricating oils with sulphonated vegetable oils and alkali 
(Scalecide) ; 

2. Sulphonated mineral oils, with alkali (Sunoco) ; 

3. Lubricating oils, with soap dissolved in phenols (Carboleine, Victor, 
Wilson's, etc.) 

4. Lubricating oils, with soap dissolved in alcohol. 

In general it may be stated that miscible oils containing alcohol and 
phenols are more apt to injure trees than the sulphonated oils. How- 
ever, none of the miscible oils can be considered safe for application to 
foliage, but all of them at the proper dilution will kill insects. 

Among the emulsions is our old friend, kerosene soap emulsion, which 
has come down to us from former generations of entomologists, and 
many new emulsions developed during the past few years. Some of 
these require ‘‘red engine oil,”’ a term without meaning unless specifica- 
tions are given. 

One of the most effective is the Government potash fish-oil soap 
boiled emulsion, made as follows: 


Lubricating oil... .. , err 
Potash fish-oil soap... .. Sees ll 
Water..... ‘nie 6eiee Oa 


Boil together until the soap is dissolved, but do not allow the oil to 
boil over into the fire. Churn vigorously through the small nozzle of a 
force pump until the mixture thickens on cooling. Six gallons of this 
stock in 94 gallons of water will make a four per cent spray. 

The emulsions may be used on foliage at the proper dilution, and in 
general require only about half as much oil as the miscible oils to be of 
the same effectiveness. Yet, under certain conditions of temperature 
and humidity, some injury follows the application of emulsions, and it 
seems reasonable to suppose that the safest emulsion will finally be 
made from one of the ‘“‘white oils."’ From a high-grade crude oil, the 
lighter oils such as gasoline and kerosene are distilled off, and the 
residue (or sludge) is treated with sulphuric acid. From this treatment 
there separates a clear liquid called ‘‘white oil’ which is the portion 
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TABULATED REPORT OF CONFERENCE QUESTIONNAIRE ON O1L INJURY 
Decitpuous TREES 


Sprayed Form Type of Temper- Moist- 
Kind of with Oil Injury of Oil Month ature ure 
Tree Injury Spray Locality Applied Con- Con- 
ditions ditions 
Ash Yes No 
Beech Yes Yes Killed bark Miscible Cleveland March Dry 
on trunk Ohio 
Birch Yes No 
Elm Yes Yes two Miscible Providence April 40° Fair 
sprayings 
retarded 
leaves 
10 davs 
Hackberry Yes No 
Hickory Yes No 
Horsechestnut Yes No 
Linden Yes No 
Magnolia Yes Yes; 1 case 
Maple, Sugar Yes Yes; buds and Ohio March 
wood killed 
Silver Yes No 
Red Yes No 
Japanese Yes Yes 
Oak, Pin & Red Yes Yes Crude Oil 
Poplar Yes No 
Sycamore Yes No 
Tulip Yes Yes 
Willow Yes No 
CONIFEROUS TREES 
Arborvitae Yes Yes, at 
dormant 
strength.' 
Balsam fir Yes Yes, slight Ohio 
Douglas fir Yes Yes 
Hemlock Yes Yes Burning 2% White Oi! Ohio 
Emulsion 
Pine, Mugho Yes Yes Burning Miscible Providence April 40° = Fair 
R. I. 
Retinospora Yes No 
Spruce? Yes Yes Burning White Oil Ohio August 
Emulsion 


INo injury with 2 per cent white oil emulsion. 


2One per cent white oil emulsion on foliage in August. Norway Spruce is par- 
ticularly susceptible to oil injury. 
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insoluble in sulphuric acid. It is the most inert or neutral of all the oils 
and is on the market under various trade names such as “Nujol,” 
“Markol,’’ ‘‘Alboline,”’ etc. 

The emulsion now sold under the name of ‘‘Volck’’ is a white oil 
emulsion, and in general it may be considered as a good product, far 
safer than most other proprietary oil sprays. But even “‘Volck’”’ may 
cause injury under certain conditions, and weak trees are especially 
liable to exhibit injury even where there is no injury to vigorous trees. 





SOME FACTORS INFLUENCING OUTBREAKS OF, AND THE 
CONTROL OF, SHADE-TREE INSECTS 


By WittiamM Mipp.eton, Associate Entomologist, Bureau of Entomology, 
U. S. Department of Agriculture 
ABSTRACT 


Insect infestations of shade trees present complex problems. These infestations 
are best prevented and controlled when we carefully consider all of the factors 
involved. These factors include climate or weather, the conditions under which 
the trees were grown and are growing, and many features of insect behavior. Today, 
with the steady improvement in the work of the tree expert, as regards both knowl- 
edge and technic, it is important for members of this profession to have a broad view 
of their problems. They should strive toward the prevention of tree-insect troubles 
as well as their control and endeavor to aid in the accumulation of information on 
shade-tree insects that will be available to all. The means for this accumulation of 
data lie in the full study of all phases of every problem and the recording of the 
information thus obtained. 


‘ 

For years the methods of work and the details of the biology or life 
history of shade-tree insects have been studied as a guide to control. 
This has been important work and without it little could ever have 
been accomplished Two types of useful data have been obtained 
through these studies. One relates to the normal cycle of activities of 
the species, involving the whole picture of the insect’s life. The second 
is a collectoin of miscellaneous notes on insect behavior and ona 
variety of interrelationships. It is these notes on insect behavior and 
the various interrelationships that I would discuss at this time. The 
selection of this topic was made for two reasons; first, because some of 
these data are extremely valuable as an aid in combating insects and, 
second, because we can more easily help one another in acquiring data 
of this kind than in acquiring the whole life history of species. 

The entire life cycle of an insect demands close attention to that 
species over a considerable period of time at one or several places. 
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Useful notes on behavior and relationships often can be obtained easily 
and rapidly by careful observers. This is especially true if the examina- 
tions of insect infestations are systematic and thorough and if existing 
conditions and the history of the material are carefully gone into. 

Several broad groups of conditions that are important will be reviewed, 
with illustrative examples. These groups are (1) climate or weather 
(rainfall, frosts, etc.); (2) normal growing conditions of plants (filling in, 
grading, etc.); (3) special behavior of insects (adult and larval activity, 
cocooning or resting methods, etc.). 


WEATHER AND INsEcts. Fora long time weather has been recognized 
as an important factor in tree growth and also in insect abundance and 
distribution. Our foremost entomologists have been adding steadily to 
our knowledge of the importance of climatic or weather factors to plant 
growth and insect infestations. The movement of insects in the air at 
various altitudes and the influence of winds on their distribution are 
important examples with which you are no doubt familiar. Possibly 
less familiar are some other comparable observations. 

The hickory barkbeetle (Eccoptogaster quadris pinosus Say) is probably 
the most important insect enemy of hickory trees. Some years ago 
Dr. E. P. Felt (1914) and Dr. M. W. Blackman (1924) published articles 
in which they showed the existence of an apparent connection between 
deficiency in rainfall and infestations of this beetle. Several years of 
deficient rainfall not only appear to affect adversely the vitality of the 
trees, but, what is even more significant, seem to bring about conditions 
in the trees extremely favorable and attractive to the beetles. This 
association of semi-drought conditions with infestations of this bark- 
beetle has an importance for us. It should lead to anticipation of hickory 
barkbeetle infestations and to preventive measures. 


The methods of prevention of damage by the hickory barkbeetle 
(based on the observations made) depend upon the effect of an increase 
in rainfall on infestations in progress. This effect of increase in rainfall 
is very interesting and shows decidedly useful possibilities. Excess 
moisture produces an increase of the water in the plant tissues and 
tends decidedly to check the infestation, especially early in the attack. 


We find indicated, in these studies, a course of procedure applicable 
both in prevention and in control. The elimination of water shortage 
through artificial application during dry periods, and copious supplies 
of water during the early stages of barkbeetle infestation, promise a 
considerable reduction of hickory mortality due to this pest. 
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Furthermore, infestations by barkbeetles are built up, and when the 
insects become abundant their virulence increases, or in their greater 
numbers they are able to, and will, attack vigorous trees. This places 
a special premium on the early control of outbreaks and on preventive 
measures. 

The pine barkbeetles of the eastern coastal plain and the South(/ps 
spp. and Dendroctonus frontalis Zimm.) also seem to show a responsive- 
ness to rainfall deficiency. The Ips are well known to prefer trees of 
lowered vitality, and the southern pine beetle shows a periodicity in 
abundance and a variation in the virulence of its attack. Pines suffering 
from semi-drought conditions are frequently infested by both Ips and 
the southern pine beetle. Impairment of vigor of the tree may be the 
chief feature pf attraction to the insect, but it is also highly probable 
that trees suffering from insufficiency of fluids offer optimum conditions 
for the rearing of broods. Dr. F. C. Craighead (1925) pointed out an 
apparent correlation between deficiency of rainfall and the abundance 
of the southern pine beetle in destructive numbers. He also found that 
heavy precipitation while the young broods of the beetles were develop- 
ing under the bark results in a very heavy and effective percentage of 
mortality. The role that rainfall plays in infestations of these pine 
barkbeetles is of considerable importance and the knowledge of this 
should lead to a reduction in losses. Again, applications of water during 
dry periods offer hope for the prevention of attack and in the early 
stages of an infestation give possibilities of control. Of course this 
method of treatment is feasible only under ornamental tree and park 
tree conditions. 

With reference to the pine barkbeetles, weather or climate is also 
important from another angle. During the active period of the beetles 
(an activity largely, possibly entirely, controlled by temperature) pine 
timber-cutting operations, pine lumber, and even the turpentine in 
paint, show certain attractive or concentrating potentialities. The 
beetles tend to be more injurious in the neighborhood of such work and 
material. This leads to the recommendation of cutting and burning 
infested trees during the winter in the eastern part of the United States 
and especially among ornamental and park pines. 

Temperature (probably in combination with humidity) sometimes 
plays a good role as well as a bad role. I have found periods of con- 
tinuous high temperature in nature to be fatal to certain insects. 
During the summer of 1918 in Virginia near Washington, D. C., there 
was a spell of hot weather of approximately a week's duration In 
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this spell a maximum of 106°F. was reached while the minimum was 
68°F. A large number of defoliating larvae, especially sawfly larvae, 
died during this hot period. One species of sawfly (Cladius isomerus 
Nort.), in which I was particularly interested at the time, remained 
scarce for the rest of the year. 

The controlling effect of hot, dry weather on plant lice has also often 
been noted. This disappearance of aphids may not be a direct controlling 
effect; indeed, it may not even be a controlling effect at all. The dis- 
appearance of aphids from shade trees in hot weather may be due to a 
change or alternation of host plant. Alternation of hosts is now known 
to occur among certain species of aphids and undoubtedly occurs among 
many species for which it is not yet recorded. As examples of alterna- 
tion of host among aphids infesting shade trees, attention is called to 
the maple-alder blight aphid which leaves maple for alder in the early 
summer, and the elm leaf-curling and the elm leaf rosette-forming 
aphids, Eriosoma lanigerum Riley, E. americanum Hausm., and other 
species, of the genus Eriosoma, which migrate from elm to apple, 
Amelanchier, Crataegus, Ribes, and possibly other plants. Such a 
summer migration could easily appear to be an effect of hot-weather 
control. 

Again, dry, warm weather could very well favor the parasites and 
other natural enemies of aphids, and the control effect, while possibly 
primarily due to weather, is indirect through its improvement of 
conditions for parasites. 

The sun’s heat is being used as a means of producing the death of 
certain barkbeetles in some of the big forest-insect control projects of 
the West. 

The character of weather occurring in fall, winter or spring is also 
looked upon as an item of great importance in determining the ento- 
mological problems of the year. Periodicity in abundance and the 
sudden disappearance or tremendous reduction in numbers of a species 
often depend upon factors other than parasitism or disease. We find 
certain relationships in abundance between insects—some years one 
group of species will be abundant, at other times other groups. Over- 
wintering is a critical phase of insect life, and response to temperature 
on the part of insects is so blind that sudden changes in temperature 
with alternate freezing and thawing or other unfavorable conditions 
must often play havoc with insect populations. The indications are 
that discoveries extremely useful in the prediction of epidemics and 
probably in the control of injurious species will be made in this field 
before many years. 
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These notes are presented in argument for observations and records 
of climatic factors prevailing during an infestation or its subsidence, and 
also to show the value of an examination into the weather of preceding 
years as a part of the case history. 


THe NorMAL GROWING CONDITIONS OF PLANTS AND INsEcTs. Let 
us now turn to a consideration of the normal or natural growing con- 
ditions of trees. Unquestionably trees grow best and with greatest 
vigor under natural or favorable conditions. These conditions include, 
first, the specific requirements of the tree which control its distribution 
in nature and, second, a natural chance to obtain its essentials from its 
surroundings and to adjust itself to these surroundings even if planted 
in a location where it would not naturally have occurred. We will, I 
believe, also agree that a tree growing under optimum conditions has 
fewer, or less serious, insect problems. 

For some years the elm borer (Saperda tridentata Oliv.) has been gro- 
ing in importance as an elm insect. Reports of injury have reached us 
from many places east of the Rocky Mountains. This trouble has led 
to more or less consideration of the problem and at one time to a broad 
series of observations. Several facts stood out prominently in these 
observations. One was that elms were not thriving in some places, 
even in the absence of this borer. Another was that the borer did not 
affect vigorous, unwounded elm trees. The whole picture presented by 
the studies showed that elms planted on high, dry ground, elms in cities 
well surrounded by concrete or other materials impervious to water, 
and trees suffering from severe root and trunk injuries, were especially 
subject to the elm borer’s attack; and on the other hand those not so 
situated or injured, and those not defoliated, were growing more vig- 
orously and were not subject to injury. 

Several years ago I had an interesting experience. I was called to 
advise on some supposedly serious entomological features of certain 
shade trees of a Virginia estate. These troubles were confined to a long 
avenue of trees lining the approach to the mansion. The estate lay in a 
valley near a good-sized hill. The insect difficulties consisted of a few 
scales, aphids, ants and, of apparently greater importance, borers. 
Careful examjnation of the trees showed an extremely interesting 
situation. All or most all of the trees were by report approximately 
the same age and size at the time of planting, but the growth had been 
exceedingly irregular. Some had died and had been removed and 
replaced. The borer work was insufficient to account for the differences 
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in size observable, and the dead trees were gone and could not be 
examined. After some false starts it was finally discovered, through the 
investigation of the general growing conditions, that in places rock 
closely approached the surface of the soil. The shallow soil curtailed 
normal root expansion and in hot dry weather must have caused con- 
siderable root injury through water shortage or increased soil tempera- 
ture. The trees which had died from time to time probably were killed 
as a result of a complication of conditions rather than by one simple 
cause. 

Many times severe borer injury follows a sudden and extensive 
change in the environment of trees. Trees, like animals, adapt themselves 
to, and grow old and cranky in a certain environment. They thus lose 
considerable of their plasticity or powers of adaptation. When this © 
occurs and a change comes, the vigor of the tree suffers. Often insects 
kill these weakened trees. Sometimes the trees are actually dying from 
the changes and only offer ready breeding material for the insects. 

The association of insect attack and severe change of conditions, 
however, is an important and positive one. Several types of examples 
will be used to illustrate this. 

Real-estate development companies often find themselves confronted 
by an unlooked-for problem. They have obtained a wooded tract and 
have proceeded to subdivide it into lots and to remove most of the 
trees. The trees left are selected, desirable individuals that enhance 
the value of the property. But these trees begin to be attacked by 
borers and die. This is a very common occurrence. Several years ago 
I found this same condition at an army post. Here a small wooded area 
had been cleared for a parade ground, leaving a fringe or margin of 
trees around the field. The trees in this border were borer-attacked and 
dying. The cause seemed clear. The trees had grown and adjusted 
themselves to a set of conditons in which the ground was shaded, leaf- 
covered and moist. This had suddenly been changed. The sun shining 
down on the now bare ground had dried and baked it. Water difficulties 
developed, or the roots suffered from the change in soil temperature or 
through the removal of near-by trees, and the remaining trees rapidly 
weakened and soon became borer-infested. 

Another example of this interrelation of borer attack and the growing 
conditions of trees, one that is also very common, occurs where trees 
are filled around in grading. The changing of contours in landscaping 
and building is frequently necessary or desirable. But sometimes it 
works great hardshipsupontrees. Not infrequently I have found the 
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two-lined chestnut and oak borer (Agrilus bilineatus Web.) attacking 
and killing oak trees so handicapped. 

Under this heading we should also place the insect injuries following 
transplanting. Here there are two things to be considered. Many 
trees probably would survive transplanting but for the fact that during 
their period of recovery they are attacked and killed by insects. Borers 
are the chief offenders, again. Pine, spruce, dogwood, maple and other 
trees are continually being purchased and transplanted. Even when 
the greatest care is exercised in this operation, loss of vigor follows. 
The tree thus becomes an attractive and easily killed prey for some 
species of borer. Species of Jps and other trunk-infesting engraver 
beetles, some of the twig barkbeetles, and even longhorned borers, attack 
and kill transplanted conifers. A flat-headed bark and wood borer 
attacks dogwood, and similarly a flat-headed borer and one of the clear- 
winged moths infest maple frequently under such circumstances. 

The second consideration in transplanting involves the conditions 
under which it is proposed to grow the tree in its new location. Is it, 
for example, a rich, moist, shady bottom land, a high, dry, bald hill 
top, orasteep bank’ Where the tree came from and where it goes and 
its requirements are intimately related with success in keeping it free 
of borers and of a vigor likely to sustain it under insect attacks. Here, 
too, we find problems in the abundance of a tree species throughout a 
locality which favors a multiplication of its enemies, and in the purity 
or character of mixture of a park or ornamental planting. Even under 
shade-tree and park conditions these considerations are important from 
an insect standpoint. 

Defoliation also frequently leads to a condition apparently inviting 
to borers. 


Insect BeHavior. Through detailed and lengthy studies of the life 
cycles of many insects and investigations of their control has come an 
appreciation of the value of certain phases of insect behavior. Un- 
questionably the whole story of an insect’s life, its host’s life and the 
various influences that bear upon it are the best foundation on which 
to erect the control of the insect. Yet seldom are all of these important 
data available. Occasionally we are forced to meet a problem almost 
if not entirely new. We meet these unfamiliar troubles best if we find 
in the new situation something or some things possessed in common 
with old and familiar problems. The most important common factors 
or ‘‘somethings’’ are interrelations between the insect, its host and its 
environment, and the habits, or instincts, or behavior of the insect. 
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Valuable information of the character referred to can be obtained 
readily by careful observation of the conditions prevailing in infestations 
and of the activities of the insects. Chief among these easily noted 
factors and one universally used is the manner of feeding by an insect. 
In determining control methods we almost invariably turn first to the 
advisability of spraying and consider immediately the so-called feeding 
habits and body protection of the insect. 


On the following pages it is proposed to point out a few more examples 
of interrelation or behavior on the part of various insects which are 
very useful in control. 

Some insects are by nature sun-loving in the adult stage. The 
metallic wood-borers (buprestids) as a group appear to be of this 
character. Agrilus, the genus to which the two-lined chestnut and oak 
borer and the bronze birch borer belong, seems to be especially so. The 
locust borer (Cyllene robiniae Forst.) is known to be sun-loving, and 
recommendations for the prevention of injury by it take this into con- 
sideration. Craighead (1919) finds that dense stands of locust with the 
weeds and underbrush allowed to remain are least subject to injury by 
this borer. In the few instances during the last few years in which | 
have seen bronze birch borer injury in the field, I have been struck by 
the existence of an apparent connection between injury and open growth 
and dry site. This relationship has been observed, also, by Dr. S. A. 
Graham of the Department of Forestry and Conservation, University 
of Michigan and probably, by others, so it seems worthy of attention 
and further study. The association seems the more significant when 
we consider that the two-lined chestnut and oak borer is more of a 
shade-tree and park problem than a forest problem and that it appears 
to be a more injurious pest following clearing-out and grading opera- 
tions. 

Information on the cocooning, pupation and overwintering behavior 
of insects is also useful. The female bagworm moth lays her eggs within 
the bag or sack in the fall and the eggs overwinter there. This forms 
the basis of the recommendation for picking and destroying the bags 
in fall, winter and early spring. The occurrence of overwintering egg 
masses of the gipsy moth and the white-marked tussock moth is used 
as one basis for the control of these species. Leaf miners often use 
their mines within the leaves as a place of overwintering, thus avoiding 
the necessity of deserting the leaves and finding or constructing some 
new protection. The white blotch oak leaf miner, Cameraria hama- 
dryella Clem., and other species have this behavior. The sawfly leaf 
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miner of birch, at present so abundant in New England, spins its 
cocoon within the mined leaf. Even some borers, such as the twig- 
pruners (Elaphidion spp.) and the twig-girdlers (Oncideres spp.), have 
an overwintering behavior of which we can take advantage in combating 
them. 

Insect behavior is usually based on some very important necessity 
of the species. The urge of a species for dissemination is an important 
one, and is based on the need for an environment where the competi- 
tion for food within the species will be less severe and where optimum 
conditions prevail and the chances for survival will be greatest. We 
usually find, in the adult, wings or other advanced and efficient means 
of locomotion, as well as an impulse to move about. Among some 
species, such as the white-marked tussock moth, the gipsy moth, 
cankerworms, the bagworm and others, the female moth is either 
wingless or a poor flier. To compensate for this lack of adult motility 
and to insure distribution, a wanderlust manifests itself in the cater- 
pillar stage, usually after the feeding period is finished. Advantage 
has been taken of this habit in efforts at control through tree-banding 
methods. 

For several years the foliage of beech trees in this region has been 
subject to a queer changing of color. The leaves became brown in the 
late summer over entire trees, and for awhile no definite reason could 
be given for the trouble. Careful observations showed that, associated 
with the browned foliage, there were occasional whitish shed skins on 
the underside of the leaves. The following year leafhoppers were found 
in great numbers on the andersides of the green leaves of these trees. 
Later, after the leafhoppers had disappeared, the discoloration became 
prominent. 


Sometimes strange reports come to us. For instance, in the late 
spring and early summer of 1926 and 1927 I received a large number of 
inquiries as to the cause for the falling of twigs from oaks in this vi- 
cinity. An examination was made and the twigs cut off in leaf were 
found thick about the bases of the oak trees. A study of the ends showed 
that the work in severing the twigs was particularly crude and not 
recognizable as due to any kind of insect. An important entomological 
feature was present, however, for the severed twigs and the tree from 
which they fell were rather heavily infested by Aermes scales. Further 
observations showed that squirrels were the real pruners and that the 
scale was apparently the attraction for the squirrels, or rather that in 
feeding on the scales the squirrels often cut off the twigs. 
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It not infrequently happens that we are faced with a problem to 
which an entomological answer is sought but for which there is no 
insect answer. I remember an interesting and abundant injury to 
holly leaves—small perforations in the leaves, especially in the epi- 
dermis of the undersides of the leaves. The injury looked like the result 
of punctures by an insect ovipositor or beak. It proved to be nothing 
more than the damage wrought by the spines of adjacent leaves. 


ConcLusIon. It is quite possible that these notes may be interpreted 
as indicating a somewhat lessened conception of the importance of 
insects. Such is far from the case. We should realize, first, that trees, 
as living things, face complicated conditions for living, just as we do. 
We should understand from this that it is rarely one solitary factor 
that brings about their death but a number of interrelated things. 
Certain functions or requirements and conditions of the tree itself, 
certain factors of the immediate and relatively permanent environment, 
certain conditions of climate or weather, various insects and their 
injuries and some disease or diseases may all have parts to play in the 
death of asingle tree. In most cases one factor is the essential one, and 
with it removed the tree will continue its struggle to live. If two or 
three of the depressing factors are removed the tree may again attain 
normal vigor and conquer its other difficulties. Insects are very often 
one of these essential factors in producing the death of trees, and to see 
them in this light accentuates rather than decreases their importance. 
Then, too, when we consider their activities as an additional heavy 
strain placed upon the tree, they become the more important. We 
know that all trees are under the pressure of competition and are 
exposed to other adverse conditions, and that this is especially true of 
shade trees. Furthermore, we know very little of an individual tree’s 
margin of safety. 

Now, why do I talk to you of these things’ What good can we 
derive from a discussion of things some of which, at least, you all 
know and about some of which no one knows anything’ This paper is 
intended to show the importance, in our care of shade trees, of the 
following: 

(1) A thorough analysis of all the conditions under which the tree 
and the organisms are operating. 

(2) A review of the more important phases of the history of the plants 
infested and the organisms involved, in the particular neighborhood. 

(3) The careful determination of the essential cause or causes of a 
tree’s death. 
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(4) The accurate identification of all organisms causally involved, 


insect or fungus. 
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Scientific Notes 


An Inexpensive Method of Protecting Household Refrigerators from Ants. Dur- 
ing the summer at Fresno, California, the invasion of houses by ants is a source of 
wide-spread annoyance. 

Perhaps the most common procedure in keeping ants out of refrigerators is placing 
the castors in small pans of water or oil. A method of protection used by the writers 
with complete effectiveness during the past three years consists in standing the castors 
in small metal pans filled with a dry mixture of whiting and flowers of sulphur, in 
approximately equal proportions. The pans used were 4 inches in diameter and 1.5 
inches deep. In several other cases where this method was adopted at the writers’ 
suggestion, ants were effectively barred from refrigerators. The principal advantage 
of this method lies in the fact that the mixture remains effective over many months, 
despite the ‘‘caking over”’ of the surface. The writers have observed this mixture, 
without replenishing or disturbing, to remain effective through two entire summers, 
thus extending over a period of 18 months. Should the mixture in a pan become wet 
from any cause the pan must be emptied and filled with fresh materials. The cost of 
the sulphur and whiting required for four pans is trivial. The writers have not made 
a detailed study of the different species of ants concerned but the one most commonly 
involved has been determined by Doctor W. M. Wheeler as Pheidole hyatti Emery. 

J. C. and M. S. Hamuin, Tampa, Florida 


Turpentine Oil as an Attractant of the Wheel Bug (Aril/us cristatus L.). During 
the course of tests conducted in an endeavor to secure an efficient repellent for the 
Japanese beetle (Popillia japonica Newm.), it was discovered that turpentine oil 
U. S. P. had a strong attraction for the wheel bug. The oil was used at full strength, 
15 grams of the material being placed in a six-ounce tin. This tin was attached toa 
similar one containing a bran and molasses mixture with 5 grams of geraniol. Both 
tins were suspended from a branch of a peach tree. A few days after being placed in 
the field several wheel bugs were noticed on the can containing the turpentine oil. 

Part of the procedure of the test was to change the position of the can on the tree 
daily, and such a change necessitated a movement of several feet. The wheel bugs 
followed the can to each new location and were noted only in its immediate vicinity. 
The turpentine oil was then moved to another tree some distance from the first and 
the insects soon appeared at the new location. Moreover, no more were observed at 
the first point. 
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The oil was placed in the field on August 19 and the first bug was seen on the can at 
9:30 a.m. on August 21. The largest number observed at any one time during the 
day was seven. On the following day at 2 p.m. there were seven wheel bugs on the 
can and twelve on the foliage within a radius of one foot from the oil. For the next 
two days the number on or near the can ranged from ten to twelve at each observa- 
tion. The can was withdrawn on August 25. 

In order to ascertain whether or not the odor from the can containing geraniol 
influenced the response of the insects in any way, the turpentine oil was located at 
some distance from any other chemical. The wheel bugs soon noticed the change and 
readily moved to the new position. This clearly indicated that the turpentine oil 
alone was responsible for the attraction. At no time were wheel bugs seen at any 
other point in the orchard or in its immediate vicinity. 

F. W. METZGER 


Notes on Phlebatrophia mathesoni MacG. in Maine. (Hym.—-Tenthredinidae). 
During the summer of 1927 trees of Betula alba and B. populifolia on Miount Desert 
Island, Maine, were found to have their foliage heavily infested with larvae of a leaf- 
mining Tenthredinid which agree with the characters of the larva of P. mathesoni 
MacG. as given by Yuasa in the Il. Biological Monograph, VII, No. 4, 60, 1922. 

The adult of this species was originally described by MacGillivray in 1909 (Can. 
Ent., 41, 245, 1909). It has twice been mentioned by Hewitt in his reports (Can. 
Expt. Farms Rept., 1910, 246, and 1912, 182), in which he gives some notes concerning 
its life history and mentions it as having been known to occur in Nova Scotia since 
about 1904. In his 1912 report Hewitt stated that it was extremely abundant in 
New Brunswick and Nova Scotia. So far as I have been able to determine, no record 
has yet been published mentioning this species as occurring in any part of the United 
States. 

The following notes, taken in 1927, are supplementary to those given by Hewitt: 

Adult—Observed in numbers on Mount Desert Island on June 30, on foliage 
of white and gray birch and on alder. One of the specimens taken has been com- 
pared with the type, by Dr. T. H. Frison, and found to agree with it. Oviposition 
The egg is inserted in the marginal tissues of the leaf between the upper and lower 
epidermal layers. The tissues immediately surrounding the point of insertion become 
browned and dry, the presence of one to several of these browned areas being charac- 
teristic. On June 23 but few evidences of oviposition were noticed, but on July 3 
they were common, the injury already being noticeable, even at a distance, on both 
white and gray birch. A few examples of this injury were found on alder. Adults 
were not seen on this later date. Larva—The larvae, on hatching, commence to mine 
the leaves, completely separating the epidermal layers by their feeding activities. 
The leaves become dry and brown where they have been mined, the injury being very 
noticeable. Larvae were found in the leaves from about July 10 on. They are 
Buprestoid in general outline, the thoracic segments being the broadest ; the abdomen 
tapering posteriorly; the entire body flattened dorso-ventrally. They are nearly 
cream-white in color, many showing a very light greenish tinge. Hibernaculum——-As 
stated by Hewitt, the larvae hibernate in a circular disc-like hibernaculum. This is 
formed by fastening the epidermal layers together and by lining the interior of the 
case with silk. This form was first found about the middle of September, the insect 


at that time being in the larval stage. 
K. A. SALMAN, Massachusetts Agricultural College 
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Why Only Staminate Box-Elders Should be Used for Shade Trees. The Box- 
elder (Acer negundo) is a common shade tree in the parks and street parkings in the 
Southwest. It is a rapid grower, stands dry weather well and is suited to semi-arid 
conditions. Its use as a shade tree has been declining during recent years due mainly 
to the presence on the trees of large numbers of the box-elder bug (Leptocoris trivitta- 
tus). 

In the fall of the year these bugs leave the trees and invade in swarms al! nearby 
buildings, such as residences, barns and other outbuildings, seeking a warm and 
protected location for their winter quarters. At such times they find their way into 
houses in spite of screens on doors and windows and become a veritable plague to the 
housewives. This performance is repeated on their emergence in the spring during 
the alternate warm and cold spells, so common at that time of the year; finally they 
disappear entirely till the following fall. Sometimes a third invasion may occur dur- 
ing August when there is an over-supply of bugs on the trees. At this time the adults 
are mating and seeking places to lay their eggs, also for some unknown reason the 
immature forms leave the heavily infested trees and crawl on nearby fences and build- 
ings. This moving about of the bugs may be due to their search for fresh food sup- 
plies. 

For several years the writer has observed that this bug is present on only the pistil- 
late or fruit-bearing trees. In the same yard would be both pistillate and staminate 
box-elders, sometimes with branches almost touching and yet the bugs would be 
found only on the trees having the fruit. There was evidently some good reason for 
this choice by the insects but no clue to the reason was found till this year. 

On August the first, many pairs of these bugs were seen on the seeds of the box- 
elder where they were mating; two or three days later, hundreds of eggs were found. 
In every instance the eggs were laid on the fruit, usually in groups of 3-8, with only 
one bunch of eggs to each group of fruit. The eggs were glued flatwise to the side of 
the samara on the wing in the curve just below the seed kernel and at the edge of the 
midrib of the fruit. The eggs were light brown in color, oval in outline and measured 
about 1/16 inch by 1/32 inch in size. Even during the egg laying period many 
nymphs or immature forms of all ages were seen feeding on the succulent fruits. No 
eggs were found on the leaves of the first trees examined which bore the egg infested 
seeds, and no bugs of any age or eggs were found on the adjacent staminate trees. 
The use of the fruits for ovipositing and for food by the newly hatched young and 
even by the nymphs of all ages explains why this insect is usually found only on the 
fruit bearing trees. 

About the middle of August fruit bearing box-elders in another portion of Albuquer- 
que were examined, which were literally covered with bugs of all ages, many were 
leaving the trees as if seeking winter quarters. The adults of both sexes were very 
abundant while eggs had been laid on the Jeaves as well as on the seeds. The eggs on 
the leaves were usually attached to the underside and some leaves had 2-3 bunches to 
a leaflet. In this case the trees were so heavily overrun with bugs that the eggs were 
laid on leaves as well as fruits, but no bugs or eggs were found on the adjacent stami- 
nate trees in the same yard. 

As a result of these observations it is evident that the presence of the bugs on the 
fruit bearing box elders is not an accident but is due to the fact that the tender and 
succulent fruits furnish food for not only the newly hatched young but the older 
nymphs as well, while the old tough leaves are rejected. 
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The above facts have an important bearing on the propagation and use of this tree 
as a shade tree in our cities, where the bugs become a nuisance at certain seasons of 
the year. Nurserymen should propagate this tree from cuttings and not from seed; 
by using cuttings from staminate trees they will have no fruit bearing trees for sale 
and this species could then be used for shade in our cities without any danger of the 


box-elder bug nuisance. 
W. H. Lone 


Longevity of the Codling Moth Larva. Under natura! conditions in the apple 
orchard, the overwintering codling-moth larva will pupate in the spring and the pupa 
in turn will transform to the adult within a few weeks. The following quotation is 
taken from pages 83 and 84 in Bureau of Entomology Bulletin 115, part I, U. S. 
Department of Agriculture, Life-History Studies on the Codling Moth in Michigan, 
by A. G. Hammar: 

“‘An unusual observation on the duration of the larval stage of the codling moth 
was made in 1909 and 1910 by Mr. R. W. Braucher at Douglas, Mich. In the fall of 
1908 a number of larvae were collected for rearing purposes and for studies to be made 
the following spring. Two of the larvae failed to transform in 1909 and both were 
alive the following spring, 1910. On April 30 one larvae had pupated; the other larva 
died June 24. The pupa, too, finally failed and was found dead July 18. Considering 
that the larvae left the fruit about September 1, 1908, or possibly much earlier, we 
find that one of the insects remained 20 months in the larval stage without taking food 
or water and that the other specimen remained 23 months in the cocoon as larva and 
pupa. The two larvae had made their cocoons in a large glass vial. They came under 
the writer’s observation in 1910.” 

“The ability of an insect to remain dormant for a whole season and to transform 
subsequently the third season may possibly occur more frequently than has been 
actually observed. Such an adaptation would be of particular advantage to the 
species in surviving adverse seasons.” 

In so far as is known to the writers, this is the only instance reported in which 
colding-moth larvae have survived two winter seasons. It seems possible, however, 
that if the further development of the larva were arrested through the use of condi- 
tions unfavorable to transformation, some individuals might live through two winters. 
With this in mind, 2,306 codling-moth larvae were collected in the fall of 1925 and 
allowed to spin their cocoons in wooden cocooning sticks. These were kept in an out- 
door insectary until March 6, 1926. They were then.transferred to a cold-storage 
compartment in which a temperature of 32 degrees Fahrenheit was maintained. 

On April 11, 1927, the larvae were removed from cold storage and again placed in an 
out-door insectary. The larvae were examined on the same day and 68 were found to 
be alive but in a weak condition. With the exception of one individual, all of the 
larvae died previous to pupating. One larva pupated but the moth never issued. 

The writers are inclined to the belief that, in spite of the most adverse weather 
conditions likely to occur in an orchard, which would tend to prevent transformation 
and to prolong larval life, the codling-moth larva would have insufficient vitality to 
live through two winters and subsequently perpetuate the species. 


E. H. SreGLER and LuTHER Brown, 
U. S. Bureau of Entomology, Sligo, Maryland 
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The Native Home of the Citrophilus Mealybug. It has been the belief of entomol- 
ogists, practically from the time the insect was determined by Clausen to be distinct 
from the other species of mealybugs attacking citrus in California,that the citrophilus 
mealybug (Pseudococcus gahani Green) was not a native of this state or country, but 
that it was an immigrant from some unknown foreign land. The fact that when first 
discovered it was very much restricted in distribution, being known then only in the 
San Francisco Bay region and at Upland in Southern California, and its extremely 
rapid spread since that time, seemed to lead logically to that conclusion. Its freedom 
from parasites also seemed to be evidence in support of this view. 

This insect having developed into one of the major pests of citrus in Southern Cali- 
fornia and into probably the worst pest of ornamentals in the Bay region, we have 
expended considerable effort in an attempt to discover its native home, since it was 
believed that if this could be done, natural enemies might be found there which would 
well repay the effort necessary to introduce them into the State. The insect has been 
recorded from England and Wales but not under such circumstances as to warrant the 
belief that it originated there. It was thought that, because of its early establish- 
ment in the vicinity of San Francisco, it probably originated in some one of the coun- 
tries which maintain direct steamship communication with that port. Consequently 
Mr. Clausen, representing this department, made a careful search for the insect in 
Japan, Formosa, the Philippines and China in 1916 and 1917, but without success. 
Later, in 1925, Dr. F. Silvestri who spent 18 months for us in the Orient, was supplied 
with illustrations and specimens of the insect and requested to look out for this 
species. Diligent search by Dr. Silvestri in the countries visited by Clausen and in 
addition in Indo-China and the Malay Archipelago failed to reveal its presence. 

About the only other countries maintaining direct steamship lines with San Fran- 
cisco are Australia and New Zealand, and failure to find the citrophilus mealybug in 
the Orient left these countries as apparently the most likely places to search for it. 
Consequently about a year ago it was decided to send Mr. Harold Compere to Aus- 
tralia in a final effort to solve the problem of its origin. He arrived there in early 
October and had been in Australia scarcely a week when he cabled that he had found 
the citrophilus mealybug in Sydney. This discovery in itself would not necessarily 
indicate that it had originated there, since it could easily have been introduced into 
Australia from California. Further investigation, however, brought to light the fact 
that it is heavily parasitized at Sydney, by at least three different species of internal 
parasites which appear to be specific on this species. This, we believe, is very strong 
evidence in favor of the idea that the citrophilus mealybug is a native of Australia. 

The practical importance of this discovery must, of course, await future develop- 
ment. While biological control of this species by use of the ladybird Cryptolaemus 
has given results quite as satisfactory as other methods of control have for the other 
major pests of citrus and at a much lower cost, those of us who have been associated 
with the development of this work have long felt the need of an effective internal 
parasite which would operate as Leptomastidea does on the common mealybug. The 
ideal control is preventive rather than curative. While heavy infestations of the 
citrophilus mealybugs are almost invariably rapidly brought into commercial control 
by the use of Cryptolaemus, it has not been so easy always to keep a light infestation 
from becoming heavy and thus causing injury. It has been demonstrated in the case 
of the common mealybug, that specific internal parasites are more satisfactory for 
this purpose than predators, since they are better able to search out and destroy 
isolated individual mealybugs. It is not too much to hope that at least one of these 
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internal parasites be found by Compere in Australia will fill this need, so that the 
insectaries may be supplied with an additional, and very useful, weapon to be em- 
ployed against this important pest. 

Harry S. Smitu, Citrus Experiment Station, Riverside, Calif. 


Pollen Carriers on Summer Squash, Cucurbita pepo. For several years controlled 
pollination work on cucurbita pepo has been hindered to a slight extent by insects 
smaller than bees entering tied bags after artificial pollination of blossoms. 

The extent of this damage is slight, about .2 of 1 per cent; but greater than careful 
work should afford. 

Striped cucumber beetles (Diabrotica vittata Fab.) and ants were suspected as 
probable carriers so these have been compared with bees of both Bombus and Apis 
types in competition in open flowers thru the morning hours and from 3 to 4 P.M. 

Specimens were caught by tweezers and dipped in 70 per cent alcohol on a micro- 
scope slide. This removed most of the pollen, at least all that might be expected to 
come off in contact with the stigmas. 

Pollen grains were counted by the aid of either a hand lens or by a low powered 
microscope. 

From the results in the summary table it may be observed that the striped cucum- 
ber beetle, is a carrier of squash pollen to such an appreciable extent that it could 
enter openings in closed bags too small for the entrance of bees and upset controlled 
pollinations. 

In taking pollen during the month of August it was observed that on humid days 
or in the morning before the dew had disappeared much more pollen clings to the in- 
sect than during the less humid days or hours of sunshine. 

It may be concluded: 1. that the striped cucumber beetle is a strong competitior 
with bees in the pollination of Cucurbita pepo. 2. that moisture aids in the distri- 
bution of pollen by insects. 


SUMMARY OF NUMBER OF POLLEN GRAINS PER FLOWER 


Time Means 7:30 8:30 9:30 10:30 11:30 3:30 
Striped Beetle on < blossom 104 48 66.7 138.6 23.3 1.1 

oe 18 19.1 17 20 6.3 3 
Bumble Bee on o¢.... . 930 449 394 294~—s«187 

et ee paretorn ... 0 BBS Fil 242 23 
Honey Bee on o’....... “v1, 232.2 1305 41 42 A 

8. eee ribatrin cys tab eae 918 675 43 55 0 
EN eee ee eee a — 182 8 A 

No ants active 
PE uw dled oo cle 8V's os cece eeeee —- 0 0 - 0 


Georce B. DuRHAM 


Lime and Sodium Fiuosilicate. In the past hydrated lime was recommended as a 
carrier for sodium fluosilicate. In the absence of moisture the lime carbonates and 
acts as a neutral carrier. Frequently dew is present on the plants at the time of 
dusting. Under such conditions the lime dissolves and reacts with the sodium 
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fluosilicate to give the soluble calcium fluosilcate which may be the cause of foiagel 
injury. Inthe presence of moisture, a neutral carrier such as flour, talc, sulphur, and 
infusorial earth have been found much safer. The writer obtained considerable 
foliage injury with hydrated lime alone on wet cucumber foliage. If hydrated lime 
is the only carrier available, care should be exercised to apply the dust mixture when 
no dew is on the foliage. A dry dust that stimulates the ‘‘cleaning habit” appears 
more effective against adult bean beetles or cucumber beetles than dust wetted by 
dew or moisture. 

Several firms are now in a position to supply the demand for a light sodium fluo- 
silicate, among them being the Bowker Chemical Company, and the Nitrate Agencies, 
of New York City; and the J. C. Wiarda Company, of Brooklyn, New York. The 
latter firm also has a ready prepared dust composed of sodium fluosilicate, sulphur, 


and infusorial earth in equal proportions. 
S. MARCOVITCH 


Sonora Cotton Square Dauber (Creontiades debilis Van D.). This mirid bug, first 
observed injuring cotton (Hartsville) in the Yaqui Valley in 1925, proved very 
destructive in one field of 400 acres (Delfos 6102) in 1927. Present in very small 
numbers in June, they multiplied on cotton until by August 3rd it was estimated 
that 90°; of the blooms in this field showed effects of the attack. Unlike the usual 
experience with Egyptian cotton (Pima) in Arizona, where squares fed upon by 
mirids (Lygus spp.) are usually shed, very little shedding of squares occurred. 
Possibly this retention of injured squares is a chracteristic of the cotton variety. 

The principal damage was done to young bolls, some of which shed and others 
continued development in size but with interiors more or less completely ruined. 
An examination of bolls on August 3rd gave 60° with one or more locks showing 
damage. On the basis of locks it was estimated that 49°) showed injury. A final 
estimate of the damage for the season made on September 15th showed that the 
crop in the 400 acre field which would probably have otherwise averaged 1% bales 
per acre was reduced to a litle over 34 of a bale per acre. The damage throughout 
the Yaqui Valley, where the total plantings were 3000 acres, amounted to 15% of 
the crop. 

On Sept. 15th in the same locality where blooms showed that on Aug. 3rd 90% 
had been fed upon in the bud stage leaving characteristic damage toanthers and 
spotting of the petals, 92°; of blooms were free from this injury, and the mirids were 
proportionally scarce. 

Specimens of this pest have been examined by Dr. H. H. Knight who found them 
to be the above named species but not typical in coloration. He states that the 
species has been found working on cotton in Texas and Louisiana. 


A. W. MorriILu 


European Hen Flea in Connecticut. On complaint of a tenant in Madison that 
hi$ garden was overrun with fleas which had bitten a child and the ankles of adults, 
the place was visited on April 16, 1927. It appeared that droppings had been brought 
from a vacant henhouse on the premises and spread upon the garden, which was 
rather near the back door. Specimens of the fleas were collected and identified by 
Mr. M. A. Stewart as the European hen flea, Ceratophyllus gallinae Schrank. 

W. E. Britton 
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MINUTES OF INFORMAL CONFERENCE ON THE CODLING MOTH 
HELD IN WASHINGTON, D. C., JANUARY 4, 1928 


An informal conference was held January 4, 1928, in the office of Dr. A. L. Quaint- 
ance, Associate Chief of the Bureau of Entomology and chairman of the committee 
on cooperation of Federal and State workers on the codling moth, with especial 
reference to the spray-residue situation. This committee was appointed last year 
by the American Association of Economic Entomologists to formulate plans for 
cooperation investigations to be carried out by different workers during the season 
of 1927. The membership of this committee is as follows: Dr. A. L. Quaintance, 
chairman; Prof. Geo. A. Dean, Prof. P. J. Parrott, Prof. W. P. Flint, Mr. LeRoy 
Childs, and Dr. B. A. Porter 

The conferees present at the informal meeting presented results of the work 
accomplished during 1927 and made suggestions for work during 1928. State 
workers present at the conference were: 


Dr. T. J. Headlee, New Jersey Agricultural Experiment Station, New Brunswick, 
N, J. 

Mr. H. N. Worthley, Pennsylvania State College, State College, Pa. 

Prof. J. S. Houser, Ohio Agricultural Experiment Station, Wooster, O. 

Prof. J. J. Davis, Purdue University, Lafayette, Ind. 

Prof. P. J. Parrott, Agricultural Experiment Station, Geneva, N. Y. 

Prof. L. M. Peairs, Agricultural Experiment Station, Morgantown, W. Va. 

Prof. Leonard Haseman, University of Missouri, Columbia, Mo. 

Mr. H. S. McConnell, University of Maryland, College Park, Md. 

Prof. W. P. Flint, University of Illinois, Urbana, III. 

Prof. Geo. A. Dean, Agricultural College, Manhattan, Kans. 

Dr. W. S. Hough, Polytechnic Institute, Winchester, Va. 


Bureau of Entomology workers present were: Dr. A. L. Quaintance, Dr B. A. 
Porter, Dr. C. H. Richardson, Dr. F. L. Campbell, Dr. N. E. McIndoo, Dr. A. 
Peterson, Mr. E. J. Newcomer, Mr. A. J. Ackerman, Mr. E. H. Siegler, Mr. L. 
Brown, Mr. R. F. Sazama, Mr. R. E. Snodgrass, Mr. E. R. Van Leeuwen, Mr. 
G. A. Runner, Mr. J. A. Hyslop. 

Dr. R. C. Roark, of the Bureau of Chemistry and Soils, and Dr. W. A. Hooker, 
of the Office of Experiment Stations, were also present. 
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Aiding nature in re-establishing the balance between various forms of 
life is a logical method of insect control and one with possibly a much 
wider application than has been suspected. One of the latest is the 
experimental dissemination of a tabanid egg parasite (see Circular 158, 
U. S. Department of Agriculture, Jan. 1928) apparently with most 
promising results. 

The citation of the above circular raises a question of more than pass- 
ing bibliographical interest. There are in the Bureau of Entomology of 
the Department of Agriculture an exceedingly varied series of publica- 
tions and the same is true to some extent of similar publishing agencies in 
certain states. There are undoubtedly reasons for these conditions, and 
yet a variety of series greatly complicates the labor of citation, increases 
difficulties in both indexing and filing and adds to the burden of the sci- 
entist. Keep series as uniform as possible and thus increase the produc- 
tive activities of entomologists. 

The discontinuance of the Transactions of the Kansas Academy of 
Science has been followed by the appearance of the Journal of the Kansas 
Entomological Society, a serial very properly stressing matters of local 
interest, such as annotated lists or additions to lists, descriptions of new 
species, of insect collecting grounds, the history of entomology in Kansas, 
biological notes, and the proceedings of the sponsoring organization. 
The first issue, January 1928, contains a list of the literature of Kansas 
Arthropods, a letter from a pioneer Kansas entomologist and the pro- 
ceedings of the Kansas Entomological Society. It is our judgment that 
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there are enough progressive entomologists in Kansas to make the 
undertaking successful and there is certainly enough matter available to 
justify an avenue of publication. May the lusty child develop to the full 
American statue and take its place among the group of journals devoted 
to the dissemination of knowledge among men. 





Obituaries 
TERRY SPINKS ROSS 


TerRY Spinks Ross, a member of the American Association of 
Economic Entomologists, died February 5, 1928, at Meridian, Miss. 
Mr. Ross was suffering from Bright’s disease, the immediate cause of his 
death being heart failure. 

He was born at DeKalb, Miss., May 16, 1903, and was graduated 
from Mississippi A. & M. College in May, 1926, where he specialized in 
entomology. He had been employed in the U. S. Bureau of Entomology 
on boll weevil control work, at Tallulah, La. In the fall of 1926 he came 
to Cuba and was associated with the writer at Central Jaront in the 
work on the sugar cane moth borer, under the Tropical Plant Research 
Foundation. 

Mr. Ross was a diligent and conscientious worker. At Central 
Jaront he became particularly interested in the artificial breeding of the 
Cuban tachinid fly parasite of the sugar cane moth borer. Mr. Ross was 
a man of exemplary habits, and those who had the good fortune of being 
associated with him will remember him as a student, a fine companion 
and a gentleman.—H. K. PLank. 


CHARLES WALTER HOWARD 


CHARLES WALTER Howarp, long a member of the American Associa- 
tion of Economic Entomologists died at Wheaton, Illinois, on March Ist 
from injuries received when he was struck by an interurban train. 

Professor Howard was an entomologist of wide experience. Graduat- 
ing from Cornell in 1904, he went to the Transvaal in 1905 as Assistant 
Entomologist and on the death of C. B. Simpson, in 1906, was appointed 
Entomologist. In 1908 he was made Chief of the Entomological Section 
of the Department of Agriculture of Mocambique, Portuguese East 
Africa. 

Returning to this country in 1911 he became a special assistant in the 
Rockefeller Institute for Medical Research, engaged in the search for 
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insect vectors of poliomyelitis. In 1912 he was appointed to the entomo- 
logical staff of the University of Minnesota but in 1917 resigned his 
associate professorship to become Professor of Biology and soon Head 
of the Department in the Canton Christian College (Lingnan Uni- 
versity). 

In China his attention was quickly attracted to the needs of the silk 
industry in the Canton region and with remarkable success he began to 
apply the Pasteur methods to the control of the diseases which were 
rapidly wiping out silk growing in that section. Entering upon the work 
with an utter unselfishness and self-efiacement, he won the confidence 
of the Chinese themselves and in 1923 he became Director of the Govern- 
ment Bureau for the Improvement of Sericulture of the Kwongtung 
Province, a position which he held at the time of his death. 

In September, last, he returned to this country as Head of the Depart- 
ment of Zoology of Wheaton College, with the agreement that he was to 
return to Canton for the summer vacation and keep in close touch with 
the Bureau. 

He was a fellow of the Entomological Society of London, a member of 
the American Association for the Advancement of Science, the Entomo- 
logical Society of America, the South African Association for the Ad- 
vancement of Science, the Royal Society of South Africa and other 
scientific societies. He was a member of the Pan African Trypanoso- 
myias Commission and of the First International Congress of Entomol- 
ogy, held in Brussels in 1909. He was to have been chairman of the 
sericultural section of the Fifth Congress, meeting in August of this year 
in Ithaca. 

To Professor Howard science offered first of all a field for service. 
Wherever he worked his interest in the human element was paramount. 
The result was that as a teacher and administrator he had the love and 
loyalty of his students and his associates. But, withal, he had a very 
genuine ability for research of a high order and in spite of his manifold 
duties in public service he had published numerous papers dealing with 
ticks, tsetse flies, mosquitoes and other blood-sucking arthropods. His 
studies on the chiggers of Minnesota constituted the first detailed work 
on these forms in this country. 

He leaves a wife and four children, who are making their home at 
Wheaton, Illinois. For the present Mrs. Howard, whose work on the 


light organs of Photinus (as Anne B. Townsend) is well known to 
Ws. A. 





entomologists, is continuing his class work in Wheaton College. 
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Review 


Entomologie D’Haiti, By Georce N. Wo tcort, Published by ‘Service 
Technique” of the Department of Agriculture, Port-au-Prince, 
Haiti. 1927. 


With the publication of his ‘‘Insectae Portoricensis” and his ‘‘Entomologia 
Economica Puertoriquefia’’ Dr. Wolcott had several years ago entitled himself to the 
gratitude of all those interested in the entomology of the West Indies. With the ap- 
pearance of the present volume under review, an exceedingly important addition has 
been made to this subject. It is particularly satisfactory to have such a comprehen- 
sive work covering the entomology of a country like Haiti, which heretofore has been 
almost unknown entomologically. Dr. Wolcott has prepared the work in connection 
with his teaching in the Agricultural School of Service Technique and for a text book 
of entomology in tropical America it appears to the writer that this volume may serve 
as a model. 

The book is divided into four parts: Part one discusses the general economic rela- 
tions, anatomy, physiology, and development of insects and consists of five chapters. 
Part two, consisting of seven chapters, is an exceedingly complete, though necessarily 
popular, discussion of their ecology. Part three consists of eighteen chapters, the 
first being devoted to nomenclature and classification and the remaining seventeen 
each to one order of insects. Part four consists of twelve chapters, the first of which 
is devoted to the general introduction on the relation of insects to the farmer and the 
remaining eleven are devoted to the particular insects which attack distinct crops or 
animals. These are divided as follows: sugar cane, coffee, cotton, tobacco, fruits, 
grain and legumes, stored products, domestic articles, fowl, live stock and man. 

The book is very well illustrated, a great many of the drawings being original. It 
consists of 440 pages, is well indexed and substantially bound in cloth. Dr. Wolcott is 
to be congratulated on the completion of this very excellent treatise. 

ARTHUR H. ROSENFELD 


Current Notes 
The State Legislature of New Jersey in 1927 appropriated $2000 for equipping 
laboratories in the Entomology Building. 
Dr. J. M. Aldrich, who was ill with appendicitis for several weeks, returned to his 
office on January 31. 


The removal of the research divisions of the Japanese beetle project from Riverton 
to Moorestown, N. J., is about completed. 


Mr. J. C. Hamlin of the Bureau of Entomology is completing his requirements 
for a doctorate at the Ohio State University, Columbus, Ohio. 


Dr. W. A. Hoffman, of the School of Tropical Research in Porto Rico, visited the 
dipterists in the U. S. National Museum on January 3. 


Mr. C. H. Curran, of the Canadian Entomological Branch, studied types of mus- 
coid flies in the U. S. National Museum collection from January 1 to 9 
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Dr. B. A. Porter, Vincennes, Indiana, visited the Japanese Beetle Laboratory in 
December and discussed plans for future work in connection with investigations of 
the codling moth. 


By request, Dr. R. T. Cotton, of the Bureau of Entomology, was present as an 
official observer at the fumigation of a large candy establishment in Chattanooga, 
Tenn., January 20 to 22. 


Dr. E. D. Ball, former Director of Scientific Work of the Department of Agri- 
culture, and now located in Sanford, Florida, recently spent several days in the 
Division of Insects, U. S. National Museum, studying Homoptera. 


Messrs. A. O. Larson and C. K. Fisher, of Stored Product Insect Investigations, 
Bureau of Entomology, moved the headquarters for the bean weevil investigations 
from Alhambra to 1218 I Street, Modesto, Calif., on January 25. 


Dr. Robert Matheson of Cornell University visited the Bureau of Entomology on 
January 5 for conference on the program of the International Congress of Ento- 
mology to be held at Ithaca, N. Y., next summer. 


Mr. M. C. Swingle was granted leave of absence to take a special course in 
chemistry during the winter quarter at Ohio State University. He returned to the 
Japanese Beetle Laboratory early in March. 


Mr. L. W. Brannon, Columbus, Ohio, attended the meeting of the North Carolina 
County and Home Demonstration Agents at Raleigh, N. C., the week of December 
12, where he gave a talk on the Mexican bean beetle. 


Mr. Troy Thompson, Junior Entomologist in the Division of Truck Crop Insect 
Investigtions, with headquarters at Biloxi, Mississippi, resigned his position during 
the fall to accept an appointment with the State Department of Agriculture in 
Alabama. 


Mr. C. E. Petch of Hemmingford, Quebec, attended the annual meeting of the 
New York State Horticultural Society at Rochester, N. Y., January 10 to 14, and the 
winter meeting of the Quebec Pomological Society at MacDonald College, January 
17 to 19. 


Dr. F. A. Fenton, of the El Paso, Texas, field laboratory, visitéd Tallulah, La., 
about the middle of December and again the latter part of January, to confer re- 
garding the pink bollworm and other cotton-insect problems. 


Mr. W. A. Ross, of the Vineland Laboratory, attended the annual meeting of the 
New York State Horticultural Society in Rochester on January 11 and 12, and a 
conference on the Oriental peach moth at Harrisburg, Pa., on January 17. 


Dr. J. W. Folsom, of the Cotton Insects Field Laboratory at Tallulah, La., was a 
visitor in the Division of Insects, U. S. National Museum, on January 27, and left 
for identification many lots of insects collected by airplane. 


Dr. L. O. Howard has called attention to an error in the editorial of the December 
issue. It is there stated, following the official announcement, that he is ‘‘the only 
American honorary member of the Academy of Agriculture of France,"’ whereas it 
should have been that he is the only American full member, this being the case 
since the death of Prof. C. S. Sargent of the Arnold Arboretum. 
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Mr. Ralph Hopping, Entomological Branch, Ottawa, Canada, attended the 
annual meeting of the Canadian Forest Engineers held at Quebec, January 22 to 24, 
and presented a paper prepared by Dr. J. M. Swaine, entitled ‘‘Progress in Forest 
Insect Control in Canada.”’ 


Mr. J. M. Miller of the Forest Insect Investigations, Bureau of Entomology, 
visited the Prescott National Forest in Arizona, the third week of January, to inspect 
the control operations against Dendroctonus barberi Hopk., which have been in 
progress there during the winter. 

Mr. J. R. Sim, of the Japanese Beetle Laboratory, Moorestown, N. J., spent 
nearly a week in the latter part of January making drawings of the genitalia of species 
of Phyllophaga in the Coleoptera collections of the U. S. National Museum. 

Mr. S. S. Crossman, of the Gipsy Moth Parasite Laboratory, Melrose Highlands, 
Mass., visited Washington in December to confer with Bureau officials and assist in 
the arrangement of three new motion-picture reels of the gipsy and brown-tail moths. 


Mr. E. R. DeOng, formerly Assistant Entomologist in Charge of the insecticide 
laboratory, University of California, has opened an office and laboratories as con- 
sulting entomologist in the chemistry of insecticides. in the First National Bank 
Building, Shattuck, at Center Street, Berkeley, Calif 


Mr. Curtis P. Clausen, of the Bureau of Entomology, who has been in charge of 
the foreign phases of the parasite work on the Japanese beetle, recently returned from 

dia, where he has been collecting and rearing parasites during the past three years. 
India, wh he has |! llecting ] g] tes d he past tl year 


Dr. E. P. Felt, after serving the State of New York for nearly thirty-three years, 
first as assistant, and for nearly thirty years as State Entomologist, has retired on 
pension effective March 31 and will be Chief Entomologist of the Bartlett Research 


Laboratories, Stamford, Conn 


Mr. Harry Steiner, recently associated with D. B. Mackie, has severed his con- 
nection with the California State Department of Agriculture and will go to Turkey, 
where he will be engaged in the fumigation of figs, in the interest of the National 
Biscuit C mpany 

Mr. F. E. Wilson, a graduate student at Harvard University, visited the Division 
of Insects, U.S. National Museum, in the early part of January, to discuss taxonomic 
work on the genus Scymnus. Mr. Wilson is planning work on a taxonomic revision 
of Scymnus of North America. 

According to Sctence, Professor R. A. Cooley, Professor of Zoology at Montana 
Agricultural College, has planned to leave April 1 on a year's leave of absence and 
» Zoological 


will spend part of the time in the interior of Africa with the Chicag 
expedition in studying tick parasites 

An institute for tree workers was held on February 29 at the Yale School of 
Forestry, New Haven, Conn., by the Tree Protection Examining Board of Connect- 
icut. Brief addresses were given by the following entomlogists: Dr. E. P. Felt, 
Mr. A. F. Burgess, Prof. A. I. Bourne, Mr. Neely Turner and Dr. W. E. Britton. 

Mr. R. T. Webber will remain at the Gipsy Moth Laboratory during the present 
season to continue certain biological and systematic studies relating to the parasitic 
Diptera. In the preceding five years he has made five trips to Europe and Africa, 
each of about six months’ duration, for the collection of parasites 
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The Fourth Shade Tree Conference was held at Washington, D. C., March 22 
and 23. Dr. E. P. Felt was Chairman, and Drs. C. L. Marlatt, W. E. Britton, and 
Mr. William Middleton took part in the program. Other entomologists present 
for at least a portion of the time were A. F. Burgess, Dr. S. B. Fracker, W. O. 
Hollister, J. S. Houser, J. A. Hyslop, and Dr. C. H. Richardson. 


Dr. H. C. Huckett, of the Long Island Vegetable Research Farm of the Agricul- 
tural Experiment Station, Geneva, N. Y., visited at Branch headquarters, Ottawa, 
Canada, for several weeks in January studying the Anthomyidae in the National 
Collection. The Branch collection of Anthomyidae is one of the largest and best on 
the American continent. 

Dr. George N. Wolcott (Cornell ‘09, Ph.D. '25), who was formerly entomologist 
at the Insular Experiment Station at Rio Piedras, Porto Rico, and more recently 
has been with Service Technique, Port-au-Prince, Haiti, has accepted a position 
with the sugar-cane and cotton Experiment Station at Lima, Peru, of which Dr. 
C. H. T. Townsend is Director. 


Mr. R. E. McDonald, Entomologist of the Texas Department of Agriculture, 
Austin, visited Washington January 27 to 30. Although his principal interests were 
concerned with the Federal Horticultural Board's discussions of the pink bollworm, 
he found time to visit the Division of Truck-Crop Insect Investigations and discuss 
the problem of the sweet potato weevil in Texas 


On invitation of H. C. Cole, Secretary, Dr. E. A. Back, of the Bureau of Ento- 
mology, attended the convention of the Insecticide and Disinfectant Manufacturers 
Association, held in the Hotel Astor, New York City, on December 14. Of special 
interest to entomologists was a motion picture exhibited by the Chemical Warfare 
Service depicting the warfare against insects. 

Mr. J. A. Beal, Forest Insect Investigations, Bureau of Entomology, was in the 
field a considerable part of January making studies of the effect of a sudden drop 
in temperature in the latter part of December on broods of the Southern pine beetle. 
He states that everywhere there seems to be very high mortality of all stages except 
the egg. 

Mr. A. Kelsall of Annapolis Royal, N. S., attended the meeting of the Massachu- 
setts Fruit Growers Association at Worcester, Mass., on January 4 to 6, and gave 
addresses on the apple maggot and the apple situation in Nova Scotia. On January 
13, Mr. Kelsall also addressed the Nictaux Community Club, Nictaux, N. S., on 
certain serious pests of apple. He was recently elected mayor of Annapolis Royal 
by acclamation. 

It has been decided to carry out airplane dusting experiments against the spruce 
budworm in northern Ontario, during the coming summer, instead of in Cape Breton 
Island. It is anticipated that the spruce budworm outbreak in Cape Breton Island 
will be much less severe in 1928. It is also planned to carry out airplane dusting 
experiments in the control of the hemlock looper in the Muskoka district, Ontario, 
during the coming season. 

Dr. H. W. Allen and Mr. H. A Jaynes, of the Japanese Beetle Laboratory at 
Moorestown, N. J., visited the U. S. National Museum on January 30 and 31 for the 
purpose of conferring with Mr. Gahan regarding the identity of a number of para- 
sitic wasps which are being introduced from the Orient to combat the Japanese 
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beetle. While he was in Europe, Mr. Gahan compared specimens with types of 
Oriental Tiphia in the British Museum and made notes for the use of Dr. Allen and 
Mr. Jaynes. 

Mr. O. I. Snapp, in charge of the Peach Insect Laboratory of the United States 
Bureau of Entomology, Fort Valley, Georgia, visited the Entomology Department 
of the Mississippi A. & M. College on February 4. While there he addressed a group 
of entomological workers connected with the College, State Plant Board and Ex- 
periment Station, as well as a number of students especially interested in entomology. 
He discussed especially the work with peach insects that has been done at the Fort 
Valley station during the past year or two. 


Mr. Andrew Fleming of Natchez, Miss., died on December 16, 1927. Mr. Fleming 
was a cotton planter who had for many years been much interested in various 
phases of entomology and had been of much assistance to the entomological workers 
in Mississippi. Although he probably never published anything in regard to insects, 
he was well acquainted with the insects of his region, and especially with the life 
histories, habits, and distribution of the mosquitoes in the vicinity of Natchez, 
Miss. He was a member of the Entomological Society of America. 


Beginning May 14th and continuing until June 24, 1928, E. O. Essig will con- 
duct a University of California course in field entomology in the Yosemite 
National Park, with headquarters at the new Yosemite Park Museum. From 
July Ist to August Ist of the same season he will be at his permanent summer 
camp at Echo Lake, 7,500 feet altitude, eleven miles from Lake Tahoe. Ento- 
mologists visiting California are cordially invited to call on Professor Essig at 
either of the above places and he will be very glad to assist them in the various 
types of entomological work in those regions. 


? 


During the winter months, three shipments of parasites were received at the 
Moorestown laboratory. All of these were Tiphia wasps in the cocoon stage, reared 
from ovipositions obtained on Popillia grubs at the different field laboratories. From 
Shillong, India, 9,000 cocoons of Tiphia No. 2036, a large percentage of which were 
affected by fungus, were received in November. From Miho, Japan, 5,000 cocoons 
of Tiphia No. 1851, in very good condition, and 700 cocoons of Tiphia No. 5, from 
Suigen, Korea, which were largely attacked by fungus, arrived in December. From 
Pennin, China, 9,000 cocoons of Tiphia No. 115 arrived in January in very good 
condition. 


Mr. A. B. Gahan returned to Washington on January 16 after four months spent 
in Europe studying in the various museums. The purpose of the visit was to study 
types of Chalcidoidea in a number of the old collections of Europe, notably the 
Forster, Gustav Mayr, Ratzeburg, Walker, and Westwood collections. The greater 
part of Mr. Gahan's time was spent in the British Museum of Natural History, but 
he also visited the Hope Museum at Oxford, the Musée National d'Histoire Naturelle 
at Paris, the Naturhistorisches Museum at Vienna, the Forstliche Hochschule at 
Eberswalde, the Deutsches Entomologisches Institut at Dahlem, and the Zoologisches 
Museum der Universitat at Berlin. Many interesting notes and a large number of 
specimens which have been compared with types were secured. 


Southern entomologists were given notable recognition at the meeting of the 
Association of Southern Agricultural Workers held at Memphis, Tenn., on February 
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1, 2, and 3. This Association consists of several hundred workers in all the various 
branches of agriculture, including agronomy, horticulture, agricultural engineering, 
agricultural economics, animal husbandry, etc. Dr. H. A. Morgan, President of 
the University of Tennessee, was elected President, Dr. Wilmon Newell, Director of 
the Agricultural Experiment Station, Director of the Agricultural Extension Service, 
Dean of the College of Agriculture, and State Plant Commissioner of Florida, was 
elected First Vice-President, and Dr. W. E. Hinds, Entomologist of the Louisiana 
State University was elected Second Vice-President, During 1927 Dr. Morgan had 
served as First Vice-President, Dr. Newell as Second Vice-President, and Dr. Hinds 
as Secretary of the Southern Association of Agricultural Workers. These three men 
are active members of the American Association of Economic Entomologists, and 
have long been recognized as entomological leaders in the Southern States. 


Apicultural Notes 


At the meeting of the Maryland State Beekeepers’ Association on January 4, the 
following papers of interest to technical workers were presented: ‘‘The Improvement 
of Races of Bees,"’ by W. W. Alpatov, and ‘‘Chroma-Vision in the Honeybee," by 
L. M. Bertholf. 

An announcement was made at the recent convention of the American Honey 
Producers’ League held at San Francisco, January 24 to 27, of the election of Mr. 
E. L. Sechrist, of the Bee Culture Laboratory of the Bureau of Entomology, as 
Secretary-Treasurer for the ensuing year. Mr. Sechrist, however, declined the 
position because of pressure of official work. 

Mr. James I. Hambleton, of the Bee Culture Laboratory of the Bureau of Ento- 
mology, attended the meeting of the Oklahoma State Beekeepers’ Association, at 
Oklahoma City, on January 16 and 17, the meeting of the Arkansas State Beekeepers’ 
Association, held at Little Rock on January 18 and 19, and a conference of delegates 
representing beekeeping interests in Texas, Louisiana, Arkansas, and Oklahoma, 
held at Texarkana, Ark., on January 20 and 21. 

Among recent visitors at the Bee Culture Laboratory of the Bureau of Entomology 
were Mr. Frank C. Pellett, Associate Editor of the American Bee Journal; Dr. W. W. 
Alpatov, of the University of Moscow, Russia; Dr. Ragnar Frisch, of the University 
of Oslo, Norway; Mr. P. E. Crane, of the firm of J. E. Crane and Son, Middlebury, 
Vt.; and Prof. L. E. Dills, Instructor in Beekeeping at the University of West 
Virginia. Doctor Alpatov, who is in this country under a Rockefeller fellowship, is 
continuing his work on variation in the honeybee at Johns Hopkins University with 
Doctor Pearl. Doctor Frisch is also in this country under a Rockefeller fellowship. 


t 


Notes on Horticultural Inspection 


Mr. J. F. Adams, Plant Pathologist of the Delaware State Board of Agriculture, 


has been placed in charge of nursery inspection in that state. 


Dr. C. L. Marlatt spent about two weeks in Texas early in March studying the 
pink bollworm situation and visiting the Mexican fruit worm eradication area. 
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The Federal white pine blister rust quarantine was amended, effective March 1, 
adding all of Idaho and four new counties of Oregon to the area designated as 


infested. 


Mr. Joseph T. Watt, a graduate of Alabama Polytechnic Institute, was appointed 
Junior Plant Quarantine Inspector on February 1 and assigned to port inspection 
work at Eagle Pass, Texas 


Mr. G. R. Williams, for several years an inspector for the State Plant Board of 
Mississippi, with headquarters at Durant, resigned recently. He is now pastor of 
the Methodist Church at Lamar, Miss. 


Messrs. Madimore Brunson and K. B. McKinney were transferred from the 
Federal Horticultural Board to the Truck Crop Insects Division of the Bureau of 
Entomology on March 16 and February 16, respectively 


Mr. C. H. Rothe, who has been engaged in port inspection work at Eagle Pass, 
Texas, for some time, was transferred on February 18 tothe Date Scale Era 
force of the Federal Horticultural Board at Indio, Calif 
Mr. G. R. Fulton resigned his position as inspector for the State Plant Board of 


. } ; 


Mississippi, with headquarters at Grenada, on December 31, in order to accept a 


position as county agent for Grenada County His address is Grenada, Mis 


Mr. J. H. Painter resigned as a junior plant quarantine inspector at New York on 
January 31 to become research horticulturist at Goodwell, Okla. He was succeeded 
at New York by Mr. O. G. Fitzgerald, a graduate of Louisiana State University. 


A joint resolution passed Congress and was approved March 7, making an addi- 
tional amount of $200,000 immediately available to the U. S. Department of Agri- 
culture to cope . ith the new outbreak of the pink bollworm in western Texa 


Mr. N. L. Douglass, a graduate of the Mississippi A. & M. College in the class 
of 1926, has been appointed inspector for the State Plant Board, with headquarters 
at Grenada. He has charge of the Plant Board work in Carroll, Grenada, Mont- 
gomery, Tallahatchie, and Yalobusha Counties 


Mr. C. E. Cooley has been transferred from San Juan, P. R., where he has been 
in charge of port inspection for the Federal Horticultural Board, to Washington, 
D. C., to take charge of the special permit section in the Import Division of the 
Board. He was succeeded in Porto Rico by Mr. C. P. Trotter 


Mr. H. C. Hallock, an associate entomologist on the Japanese beetle staff, reports 
that a number of beetles collected at trap lights on Long Island in 1927 have recently 
been identified as Serica similis, an insect infesting sugar beets and other crops in 
Japan. 

The following definition of ‘‘nursery stock’’ was adopted by the Central Plant 
Board on March 3: ‘‘The term ‘nursery stock’ shall be considered to include all 
woody and herbaceous biennial or perennial plants, and parts thereof except the 


seeds, for or capable of propagation, or capable of carrying injurious pest 


Mr. D. W. Grimes has recently beenreappointed as an inspector for the State 
Plant Board of Mississippi, with headquarters at Durant, Miss. He has charge of 
the Plant Board work in the Counties of Attala, Holmes, Leake, and Leflore. Mr. 
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Grimes resigned a position with the Mississippi Plant Board about two years ago 
and recently has been engaged in the Mexican fruit fly work in South Texas. 


Recent changes in the pink bollworm and Thurberia weevil field service include 
the appointment of J. H. Adams, a graduate of the Mississippi A. & M. College, 
W. C. Maxwell, a graduate of Clemson College, and K. A. Gallant, as junior plant 
quarantine inspectors; the transfer of M. H. Ford to the Mexican fruit worm staff, 
and of C. P. Daley to the Mexican Border inspection service at Brownsville; also 
the resignation of M. E. Cole to enter commercial work. 


The Texas State Pink Bollworm Commission on March 7 recommended to the 
Governor of Texas the designation of Brewster County as a noncotton zone, the 
extension of the regulated zone to include Ector, Martin, Midland, Glasscock, 
Howard and Andrews Counties, ‘‘and such other adjacent areas as may be con- 
taminated,” and the creation of a joint high commission composed of representatives 
of our National Government and the Government of Mexico, “for the purpose of 
providing ways and means for the eradication cf the pink bollworm from the whole 
of North America.” 


On February 4, a consignment of five hundred cases of bitter oranges from Messina, 
Sicily, for I. T. shipment to Canada, was inspected in New York and found to be 
heavily infested with the Mediterraean fruit fly. Not only were maggots found in 
the fruit, but puparia and adults were noted in abundance. Owing to the temperature 
adults were very sluggish and their 


which prevailed in New York at that period 


wings did not become fully spread. Following the transfer of the fruit in question 
to a vessel bound for Canada, the hold which had contained the infested fruit was 
thoroughly cleaned and fumigated under the supervis on of inspectors of the Federal 
Horticultural Board 

The Central Plant Board met at St. Louis, Mo., March 2 and 3. Nine of the 
thirteen States were represented. Representatives of the American Association of 
Nurserymen and the State Nurserymen’s Association of Illinois, Missouri, and Ohio 
were present by invitation, as was also Prof. A. J. Riker, Madison, Wis., representing 
the Crown Gall Committee of the Crop Protection Institute. The Board took 
exceptions to the provisions of Federal Quarantine No. 62, which requires states to 
require inspection and certification of narcissus for intrastate movement as a con- 
dition of certifying narcissus for interstate movement. The Board by an 8 to 1 
vote recorded itself opposed to granting to the Ralston Purina Mills the privilege 
of shipping alfalfa hay from the alfalfa weevil infested areas of the West to its mills 
in Kansas City, Mo., for milling purposes. The report of the Committee on Uniform 
Raspberry Regulations was adopted. It provides for two inspections, not more 
than an 8% infestation of raspberry plantations with mosaic at the time of the first 
inspection, and not more than a 2% infestation at the time of the second inspection, 
as a condition of certifying raspberry plants. The Board also adopted the report of 
the Committee on Uniform Requirements for Interstate Movement of Nursery 
Stock in the Central States. The following officers were elected: President, Frank N. 
Wallace: Secretarv-Treasurer, P. A.Glenn; Member National Plant Board for the 
unexpired term of S. B. Fracker, two years, A. G. Ruggles; Member National Plant 
Board, three years, George A. Dean. 


The Eastern Plant Board met in the American Museum, New York, on January 28. 
The following subjects were considered: The chestnut blight, the New England corn 
K . § 
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borer situation, white pine blister rust, mild mosaic on raspberries, the Japanese 
beetle, the gipsy moth in the Barrier Zone, potato certification and the progress 
report on the ‘‘Black List’’ of nursery pests. During the afternoon session, Messrs. 
C. H. Perkins, Lester C. Lovett, William Flemer, Jr., and Robert Pyle, representing 
the Eastern Nurserymen’s Association and American Nurserymen’s Association, 
were invited to be present for a joint discussion of the many problems facing both 
nurserymen and regulatory officers in the interstate movement of nursery stock, 
All the officers were re-elected as follows: President, T. J. Headlee; Secretary, Ernest 
N. Cory; Representatives National Board of Review: W. C. O'Kane, W. A. Mc- 
Cubbin; Executive Committee: C. H. Hadley, A. W. Gilbert, W. E. Britton. In 
addition to the officers, the following men were in attendance: C. H. Zimmer, H. L. 
McIntyre, and B. D. Van Buren, Albany, New York., C. H. Perkins, Newark, N. Y.. 
Harry B. Weiss and William H. Martin, New Brunswick, N. J., C. W. Stockwell, 
Riverton N. J., Lester C. Lovett, Little Silver, N. J., William Flemer, Jr., Princeton, 
N. J.,.G T. French, Richmond, Va., W. E. Rumsey, Charleston, W. Va., Harold L. 
Bailey, Bradford, Vt., R. Harold Allen, Boston, Mass., Robert Pyle, West Grove, 
Pa., J. F. Adams and W. L. Mifflen, Dover, Del. 


Notes on Medical Entomology 


Professor George A. Dean of the Kansas Agricultural College, conferred with 
Mr. F. C. Bishopp of the Bureau of Entomology on January 5, regarding certain 
work on external parasites of livestock which is under way at the Kansas institution. 


The fifteenth annual meeting of the New Jersey Mosquito Extermination Associa- 
tion was held at Atlantic City, February 15 to 17. Papers were read by the following 
entomologists: Dr. L. O. Howard, Mr. Arthur Gibson, Dr. Robert Matheson, Dr. 
T. J. Headlee, and Dr. W. E. Britton. 


Mr. F. C. Bishopp of the Bureau of Entomology, and Prof. L. I. Case of the 
Virginia Polytechnic Institute, visited Burkes Garden, Va., on January 13 to arrange 
for the seasoa’s cooperative work on control of the cattle grub, which is under way 
in Burkes Garden. 

Mr. E. W. Laake, of the Dallas, Texas, field laboratory of the Bureau of Ento- 
mology, delivered two addresses on January 10 and 11 to the farmers attending the 
special Livestock Short Course held at College Station, Texas. The screw worm 
and its control, and the cattle grub as a source of loss to livestock raisers, were the 


two principal problems discussed. 





Erratum 


On page 129, line 7 from bottom of the February Journal, read AsJ), for As,0,. 





